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ABSTRACT 

The purpose of this study was to establish more 
precisely what factors determine energy use in schools, to evaluate 
th@ efficiency of and necessity for these, and to make 
re@ommendations for the reduction of energy use. These 
recommendations will be applied to the design @f specific projects 
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savings of from 2S to 50 percent of the monitored New York City 
level. (Author/HtF) 
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Substantial energy savings can be achieved in schools t 
These findings, substantiated in this report, are based on 
a re-examination of the educational determinants that have 
influenced energy consumption in the past, and on a re- 
view of the technical performance of the building compon- 
ents. Since educational buildings represent 7 percent of 
the building area in total U.S. construction, these savings 
are considerable* 

New York City has a comparatively well run system with an 
average use per thousand square feet of 7-32 x lo'^ btu*s 
for heating and 5-27 x loT btu*s for source generation of 
electricity. This is only two-thirds to one-half of the 
fuel and electricity used in other schools whose energy 
records were gathered for this and other studies. Never- 
theless, they also represent a spread with a standard de- 
viation of thirty and thirty-five percent of the mean. 
Based on a study and analysis of these schools, the follow- 
ing general observations have been made: 

# Delivered light in classrooms deviates substantially 
above and below the designed 60 footcandles with no 
awareness by the occupants. 

9 There is no correlation between higher light levels 
and educational achievement, according to Board of Ed- 
ucation Standard tests. Changes in the school environ- 
ment (lighting, painting, cabinets, etc.) are followed, 
by short-term gains in educational achievement. 

# There is no dangerous change in quality of air with 
ventilation less than one-third the present prescribed 
level. ^ Tests carried out under these conditions 
showed a generous safety factor. 

0 Liglit delivery can be more selectively controlled in 
several practical ways. 

% Sealed, minimum window school buildings consume con- 
siderably more energy (up to three times the average) 
than buildings having open window air supply possibi- 
lity. 

% Ventilation replacement is responsible for about two- 
thirds of the heating load in New York City schools. 

% Solar energy can contribute to heating requirements 
as well as providing for domestic hot water. 

In all J with recommended new standards, schools can be de-^ 
signed to operate with no educational penalty at savings 
of twenty-five to fifty percent below the already care- 
fully monitored New York City level. 
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preface 



Recent events have demonstrated the importance of energy as 
a determining factor for ma^Jor decisions in almost all seg- 
ments of our society. Its unlimited availability can no 
longer be taken for granted regardless of the economic re- 
sources which we are prepared to commit • We can expect to 
operate within the framework of limited energy for the fore- 
seeable future and whether the distribution mechanism is 
economic competition or some form of regulation, efficient 
use of this limited resource will increase the number of op- 
tions which are available to us as a society. In addition, 
as the easily accessible fuel resources are exhausted, the 
search for and extraction of energy materials will have an 
ever-increasing effect on the natural environment. 

According to the 1972 Dodge Reports, educational facilities 
accounted for about lU percent of all non-residenticuL build- 
ing carried out in the United States* Two percent of this 
was in the New York City public school system alone. Added 
to the quantitative importance of school building is the 
social importance of these facilities and the need to insure 
that they will be able to continue operations in the face of 
possible future energy restrictions. 

All of the above considerations have led to the selection of 
a projected school building in New York City as a proto- 
typical study project to permit research, design and evalua- 
tion of energy saving approaches and techniques. This re-* 
port covers the pre-design research phase. The overall ap-^ 
proach has general applicability to other building types and 
other localities and the specific recommendations' are also 
helpful if viewed with the understanding of the unique cdH- 
ditions which generated them, that is, those factors which 
are particular to Nev York City schools. 



1. School locations are generally urban ^ implying small 
sites which in turn require multi-story buildings in 
order to achieve required floor areas. 
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2* The fact that the buildings are generally in densely 
bui'^' i^^eas makes the man-made micro-climate particu- 
larly important. 

3. The New York City school system is large, containing 
almost a thousand buildings • This results in vast 
accumulated experience and the ability to experiment 
with school facilities. 

U. The performance of operating personnel is in part 
evaluated in terms of energy efficiency in buildings 
operation. Since this evaluation is related to job 
mobility within the systems, it acts as an incentive 
device for the efficient operation of the school 
plant, a result verified by carefully kept perform- 
ance records. 

5. When buildings are not in use, (nights, weekends and 
holidays) the systems are shut down. This has led to 
the almost universal use of steam as the heating med- 
ium because of its ability to provide rapid morning 
heat-up and because of the fact that the pipes are 
dry when the system is off which eliminates the 
possibility of accidental nighttime or weekend freeze- 
ups. 

Two aspects of the report itself must also be kept in mind. 
First, for convenience and clarity, the aspects of energy 
use have been compartmentalized; however, it must be stress- 
ed that no element operates in isolation and that it is the 
overall performance of a building, or in some cases, group 
of buildings, that must be evaluated. Second, throughout 
the report ^> terms have been used which, to specialists, have 
very specific and somewhat limiting connotations. In most 
cases, the more general meaning is intended. For example, 
the work classroom refers to any area iix which activities 
normally associated with the learning program take place and 
is largely interchangeable with the term * learning space*. 
In addition, when a prototype classroom, is used to show a 
specific example of a system, it stands for all such general 
ized spaces. 

One final aspect of the specif '.cs relating to this study is 
that both educational approaches and energy technologies are 
rapidly changing. In many cases where changes can be antic i 
pated, these areas have been noted. It is, however, in the 
nature of change that much that is not anticipated will 
occur. To this end, care must be taken not to lock an ap** 
proach too tightly to any single educational philosophy or 
environmental system and to avoid the interdependence of 
sy-^tems which may have very different functional life spans. 

With these considerations in mind, it is hoped that this re- 
port will serve as a useful tool to others who undertake 
energy conservation provisions In building programs and It 
is to thi§ end that the report is directed. 




basis for 
the study 



The purpose of the study was to establish more precisely 
vhat factors determine energy use in schools, to evalu- • 
ate the efficiency of and necessity for these, and to 
make recommendations for the reduction of energy use. 
These recommendations will be applied in the next stage to 
the design of specific projects which will then be built, 
monitored and evaluated. 

The New York City Board of Education manages almost a 
thousand of its own buildings and in addition, some 
rented spaces. Their operating statistics have been the 
basis for some general observations, detailed investiga- 
tions of specific schools for others. 

The Division of School Buildings operates a Fuel Mana- 
gement Section which monitors fuel and electricity usage 
on a monthly basis. This information, based on actual 
meter readings, serves as the basis for monthly consump- 
tion figures for New York City schools. The Fuel Mana- 
gement Section also prepares a yearly summary which is 
used for the annual figures. In addition to these' 
recorded data, this body of buildings provided the source 
for the data regarding on-site conditions. 

In order to provide some basis for comparison, several 
sources outside the New York City school district were 
used. These include general data received by the New 
York City Board of Education from four suburban school 
systems in the New York City region, specific monthly 
data taken for five suburban schools for a three year 
period and data for thirty-one electrically heated 
schools in the northeastern United States in a degree-day 
zone similar to New York's, 

Vlhere subjective data and evaluation were required, the 
report leaned heavily on the cumulative experienee In 
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Division of School Building and Office of Educational 
Facilities Planning of the Board of Education • 

In conducting the research for this report^ the' investi- 
gators were fortunate to have the cooperation and collab- 
oration of the New York City Board of Education, which has 
at its disposal detailed and long term records of about 
1,000 schools. It has been possible to eschew computed 
simulations and to depend instead on the large fund of 
information contained in the school records to provide 
the investigators with the necessary background informa* 
tion for the report The classrooms themselves were used 
to determine classroom performance rather than seeking 
to approximate conditions in isolated laboratory tests* 
Consequently, the propositions and findings set forth in 
this report are based primarily on actual data from 
functioning schools. 

The Division of School Buildings, through its Fuel Mana- 
gement Section made available the records of k99 oil- 
fired schools and 1*5^ coal-heated schools. The Board 
of Education has also provided detailed information con- 
cerning types of construction^ boiler plant, ventilating 
systems and special ventilating requirements, lighting, 
fan,' pump and refrigeration requirements in order to 
weifjh the effectiveness of varioios building types and 
mechanical systems. Detailed study was based on the 
use of plans and specifications and inspection trips to 
the schools involved. 

The records of The Board of Education Office of Educa- 
tional Facilities Planning also furnished the basic data 
for studying what interrelationship existed between light 
levels and reading/comprehension scores of 30,000 pupils. 

A number of field studies were conducted, such as the 
visit of a team of investigators to observe the light 
levels in 20 classroc.ns under normal conditions (sub- 
report g-l) and to observe ventilation performance under 
normal and abnormal conditions (sub-report g-2)* 

Under the direction of two educational experts from the 
Board of Education^ actual school situations were observed 
and analyzed in order to assemble a complete list of 
educational tasks which could be used to determine the 
lighting, ventilation and temperature needs of each 
educational task (sub- report 1)- 

In sum, it has been the main aim of the investigators to 
understand the real needs of the educational program and 
the true performance of the educational platit in order to 
know where energy saving recomniendations eoiad be made at 
no loss or a possible gain in the educational environment* 
Th^Be were based on actual conditions and aetual require- 
ments. 
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1# ANALYSIS OF I'he following energy categories for annual energy usage, 
RECORDED AND OB- based on The Board of Education's recording methods, were 
SERVED DATA . evaluated: 



1. Fuel oil use 

2. Electricity use in oil-heated buildings 

3. Coal use 

h. Electricity use in coal-heated buildings 

Due to the recording methods, the number of buildings in 
each heating category do not exactly equal the number in 
the corresponding electricity category. However, each 
section has sufficient numbers to be independently valid. 
For heating fuel, 1*99 oil-fired schools and h^h coal- fired 
schools were evaluated representing 56,678 msf* and 35,263 

msf respectively. The electric usa«e in h6l oil-heated 
schools and h6l coal-heated schools was evaluated. These 
samples included 5U,2lU msf and 35*590 msf respectively. 

Fuel Oil The total annual fuel oil usage for the sample year was 

29,61*1,068 gallons which averages 523/gal/msf/yr. At 
1^0,000 htu/gal, this represents 7.32 x 10 ' btu/msf/yr. 



Coal The total annual coal usage was 11^,632 tons, averaging 

3.25 tons/msf/yr. At ll*,600 btu/lb (or 2.92 x 107 btu/ 
ton) this represents 9.1+9 x lo''^ btu/msf/yr. 

Electricity The total annual electricity usage in the oil-heated 

schools was 209 ,32l+,l7l* kwh averaging 3861 kwh/msf/yr. 
This represents 1.32 x 10^ btu/msf/yr at the point of use 
(3I+I2 btu/kwh) and 5.27 x 10 btu/msf/yr at the generates* 
(based on Con Edison's reported heat rate of 12,1+0 0 btu/ 
kwh and 10 percent transmission and distribution less), 

^msf (thousand aquare feet of gross building floor area) 
• ^ b/1 are used throughout the report as a unit of measure, 

ERJC i 2 
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The total annual electricity usage in the coal^heated 
schools was 110,703,317 kwh averaging 3110 kwh/msf/yr. This 
represents I.06 x 10' btu/msf/yr at the point of use and 
k,2k X 107 btu/msf/yr at the generator. 

The oil-'heated schools used an average: 

7.32 X 107 btu/msf/yr fuel oil 

1.38 X 10*^ btu/msf/yr electricity 

8.61i X 10 r btu/msf/yr total at building 



or 



7.32 X 10]^ btu/msf/yr fuel oil 
3.27 X 10 ' btu/msf/yr generation 
12.59 X loT^ btu/msf/yr total source fuel 

The coal-heated schools used an average of: 

9. 1*9 x 10*^ btu/msf/yr coal 
1.06 X 10^ btu/msf/yr electricity 
10.55 X 10' btu/msf/yr total at building 



Goinparis'on with 
other School 
Districts 
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or 

9.U9 X 10 J btu/msf/yr coal 
k.2k X 10^ btu/msf/yr generation 
13.73 X 10' btu/msf/yr total source fuel. 

It is worth comparing these figures with data from several 
other sources. 

1. Four suburban school districts within a 30 mile 
radius of New York City reported that schools ranging in 
size from 50-200 msf shoved an annual oil usage averaging 
755 gal /msf /yr compared to 523 gal /msf /yr for New York 
City schools . 

2. Five schools (26 msf, 59 msf, 86 msf, 192 msf, and 
350 msf — a total sample of 713 maf ) in a suburban school 
district about 20 miles from New York City (average hBoo 
degree days/yr for the three-year period observed), showed 
an average use of 828 gal/msf/yr and 5111 kwh/msf/yr as 
compared with 523 gal/msf/yr and 3861 kwh/msf/yr in com- 
parable New York City schools. 

3* •Hilrty-one all^-eleetric schools in a zone In the 
Northeast United States (ii501-60O0 annual heating degree 
dcys) offer the following data, though direct comparison 
Is somewhat difficult for the following reasons: 

a) Beeords for electric schools show only energy eonsump- 
tlon at point of use. 

b) Some of the schools in the sample are alr-eondltloned. 
e) Electric schools are generally built to NEMA standards 

(10 of the 31 a3?e double-glazed for example). 

t3 



W3 The average annual electricity usage for the sainple was 

iuimnary of 15 » 700 kwh/maf/yr» In order to make some coinpariBOn, the 

Findings following assumptions were made: 

a) Air-conditioning represents about 10 percent of the an- 
nual electric usage. 

b) The electricity used for non-space conditioning functions 
will be similar for the electrically heated schools and 
New York City schools. 

This results in a total annual use of ll*,130 kwh/msf/yr 
without air-conditioning of which 3861 kwh/msf/yr is 
assumed to be for non-heating functions; 10,269 for heat- 
ing. This represents 3*50 x lO'^ btu/msf/yr actually de^ 
livered to the space. With Con Edison's heat rate, this 
would require ll*.01 x lOT source btu which, if provided 
by #6 oil, would be the equivalent of 1001 gal/msf/yr. 

k. A report prepared by the Minnesota Energy Project 
dated 15 February 197^ cited a heating fuel consun5)tion of * 
15t8 X 10^ btu/yr /student and an electric consumption of 
613 kwh/yr /student. This compares with 7*5 x lOo btu/yr/ * * 
student and 289 kwh/yr/student in the New York City school 
system. 

Conclusions It is apparent that the New York City Board of Education 

builds and operates schools which represent the most, ener®r 
efficient approaches in current design and maintenance 
techniques. This is due in large part to the vast expert 
ience accumulated as a i^esult of the size of the total city 
educational plant. In order to ensure that non-typidal 
conditions either positive or negative are observed and re- 
sponded to, the Division of School Buildings established a 
Fuel Management Section . which monitors all monthly energy 
usage of ail Schools. When a building uses abnormally hi^ 
amounts of energy, the causes are identified and corrected 
if possible, and avoided in future buildings. If fuel us- 
age is low, the enei^gy-saving factors are introduced into 
existing or new schools. In addition to this central mti^ 
itoring, the Bureau of Plant operation provides a substan- 
tial training program for its custodial staff. This Coffl- 
bination of e>g)erience and concern has resulted in prac- 
tices which have served as the standards for other jublie 
agencies i some of which actually utilize the Board of 
Education's training program. One aspect of the seeoad 
phase of this study will be to consolidate this infermatioa 
with additional material derived from this report* Sueh 
guidelines will have general utility in School districts 
where si^e or organization has not permitted the degree of 
ener®r efficiency of the New York City Board of Edueatien. 

m 

V^iefe ehariges are reeoiMnendedi they generally result from 
a reasessment of the eenditiens in vhieh edueatlonal tasks 
dan oedur and the tailoring of systefiis to respond to these 
revised standards ^ froa the availability of new tedhaelo* 
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gies growing out of the recent nation-wide conct^rn for 
energy conservation, from the re-evaluation of certain 
systems which were developed and promoted at a time when* 
national priorities were considerably different from 
today *s, and from the realization that increases in energy 
costs make many options economically feasible where they 
were impractical only months before. In short, recommen- 
dations made regarding New York City Board of Education 
buildings will apply to vitually all similar buildings, 
and energy savings that are achieved are done so within a 
system which is already operating at the most efficient 
end of the energy use range. 

Within this context the following areas were noted as be- 
ing susceptible to modification for energy savings} 

1. The consumption of energy varied substantially from 
schorl to school. Fuel oil use showed a mean of 519 gal/msf/ 
yr and a standard deviation*^ of 15^ gal/msf/yr. Electricity 
showed a mean of 3637 kwh/msf/yr and a standard deviation of 
IU03 kwh/msf/yr. (Note: mean figures are in unweighted aver- 
ages). A substantial portion of this variation is due to 
differences in scheduling. Some portions, however, were 
clearly attributable to type of construction, mechanical sys* 
tems, patterns of operation, etc. Those factors causing hi^ 
usage can be isolated and avoided, those which conserve energgr 
should, where possible, be incorporated in future construction. 

2. Delivered environmental conditions within teaching 
spaces vary from building to building and within individual 
buildings. Little or no obvious correlation was noted be- 
tween the effectiveness of the teaching and the environ* 
mental conditions with the possible exception of lethargy 
observed in several classrooms whose temperature was 
greater than 78^ F. 

3« Delivered environmental conditions were freciuently 
unrelated to the specific activities which wer6 taking 
place within the space. To a large degree ^ this is due 
to the lack of flexibility of the systems. The mechanical 
systems are designed to meet the most critical criteria 
which are rarely applicable. Because of the inflexibility ^ 
full output is delivered whenever any mechanical assist* 
ance, however small, is required. 

k. Meehanicaily supplied services frequeritly overlap 
natural on^iS. This results from at least three eauses* 
First J buildings in themselves are often not designed to 
take advantage of natural environmental condltiom when 
available and adequate* Second^ when natural delivery of 
desired interior conditions takes place, it ie often im- 
possible to deactivate the^ ffleehanieal system providing the 
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same service. Third, when manual controls are provided for 
the deactivation of mechanical systems, they are .often ig-^ 
nored even when it is totally imnecessary to keep the ser- 
vice in operation, 

5. Mechanically suppHed services were frequently pro- 
vided in unoccupied areas. In some cases this was due to 
the inability of the systems to be locally deactivated* In 
others, it was caused by the unwillingness of the staff to 
take advantage of the available controls. 

6. Services were often delivered at a level much highei? 
than desired. This appeared to be due to failures in the 
control systems resulting from either normal malfunction, 
vandalism, improper calibration or inadequate maintenance. 

7. In general, the more complicated sophisticated sys- 
tems functioned far less effectively than the siAipler, 
more common ones. Buildings that relied entirely on mech- 
anical delivery systems for their interior conditions ap- 
peared to have the greatest n\amber of problems with con- 
trol systems, to have the widest temperature variations 
and to consume the most fuel. 

Current energy usage in school buildings is as follows: 

Total Fuel Oil Use 
7.32 X lO'f btu/msf/yr 

which breaks down approximately into 

(A) Domestic Hot Water .72 x lo''^ btu/msf/yr 

(B) Heating due to introduction 

of outside air U.iiO x lo'^ ttu/msf/yr 

(C) Heating due to conducted loss „ 



These quantities are represented by figure b/2. ^ 

It is anticipated that the following savings can be achiev*^ 
@d through the recommendations included in this report 
(figure b/l). 



2.20 X 10*^ btu/msf/yr 



Total SouTjie Energy for Electrical Generatio n 
5.27 X 10' btu/msf/yr 



which breaks down approximately into 



(D) Lighting 

(E) Fans 

(F) Other 



3.i6 btu/msf/yr 
1.32 btu/msf/yr 
0.79 btu/msf/yr 
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. Electrtelty . 
.(source energy), 

'5.27x10^ btu/msf/y? 



Present Energy 
Use Pattern 




^ Fuel Oil ^ 
JTi^direct use) 




O.G% 



Projected Savings 

(New Building) 
h9.U% total 
Note: Shaded areas 
represent anticipa- 
ted savings. 
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io%iQi^^\3.r»/o 



r^187o heoting- 



)Utside 
fit Qir 
(ion 



^5.2% 



lOC/o . 



Projected Savings 

(Retrofit) 
27,1% total 

FIGURE h/2i 
CURRENT ENERGY 
USE IN iCHOOL 
BUlIiDlNGS AND 
ANTICIPATED 
SAVINGS 
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RECOMMINDATIONS 
FOR SYSTEMS 
AND STANDARDS 



The following recommendations for systems and standards 
have been extracted from prototypical proposals (section d) 
and school usage patterns (sub-reports g, h and i). 



Building 
Configuration 



Building Skin 



1. Evaluate program to determine areas that can take 
greatest r.dvantage of natural light and ventilation. 

2. Arrange building so that those spaces which can bene- 
fit from natural light and natural ventilation are located 
at the perimeter of the structure. In this way unavoidable, 
unwanted heat loss and gain will be offset by natural means 
of satisfying light and air requirements. 

3. Arrange building so that spaces which can least bene- 
fit from natural light and ventilation are located in the 
interior portions of the building. 

1*. Orientation will be governed by site restrictions. 
If options are available » orientation will be determined 
by solar consideration, according to criteria which will 
maximize solar heat gain in the peak heating season (par- 
ticularly in the early morning to reduce start-up loads) 
and minimize heat gain in temperate and hot seasons. The 
wind patterns in most urban sites are erratic precluding . 
orientation based on prevailing air currents; however, in 
cases where buildings are in highly exposed sites, this 
must be considered. 

1. Desirable characteristics of the building envelope 
are a higli resistance to unwanted thermal transfer and an 
ability to utilize natural light, ventilation and solar 
heat when available and desired. 

2. Provide an average roof U- factor of 0.06. 

3. Provide an average wall U- factor of 0.15. 0-15 is 
the average of all wall, window and door surfaces based on 
the use of thermal shutters as follows: 

Opaque Wall 61*^ x U @ 0.06 * 0.03814 

Windows (thermal shutters closed) 35^ x U @ 0.30 = O.IO5O 
Doors 1^ X U @ 0.60 = 0.0060 

TOTAL OTlSP" 
SAY: 0.15 



Opaque Wall 

Windows (thermal shutters open) 
Doors 



35% 



X U @ 0.06 s 0.1 
X U @ 1.13 « 0.3955 
X U @ 0.60 s OJ 
TOTAL 
SAY: 



0* 

O.kk 



Note: TheBe factors are for walls with thermal shutters 
only , Overall wall thermal performance to result in average 
b/6 U- factor of 0.32 without requiring shutters. 
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k. Provide windows to perndt natural lighting to be uti- 
lized for ambient lighting throughout ten-foot deep per- 
imeter zone* 

5* Provide insulated shutters at windows to prevent ex- 
cessive heat loss when the light transndtting properties of 
the glass are not required. 

6. Provide solar shading to prevent excessive heat gain 
when it is not desired. 

7. Provide an average U- factor of O.lh for slabs between 
heated ivai unheated spaces. 

8. Provide slao on grade with vertical edge insulation 
with total average U- factor of 0.12* 

1. Ihe selection of structural, closure and partitioning 
systems will have an effect on thermal mass which is inde- 
pendent of thermal transmission characteristics 4; 

2. High thermal mass building will perform with less 
fuel use when outside temperatures swing above and^below 
acceptable inside temperatures (summer). Low thermfil mass 
building will perform better when outside temperatui?es re- 
main consistently above or- below acceptable inside teftpera- 
tures (winter). In selecting one or the other, trade^-Offs 
between the seasonal differences must be weighed. 

3. Die choice of high or low thermal mass construction 
will have to be evaluated at the time of actual building 
design, using a computer simulation reflecting actual 
scheduling, program, site, etc. 

1. Provide a flat plate water solar collector supplying 
a heat exchanger to preheat domestic hot water. Careful 
metering of this system wiJl provide data to permit im^e 
accurate evaluation of solar energy systems in the New 
York City area. 

2. Provide passive thermo-siphoning wall panels (may be 
installed selectively for comparison and evaluation) for 
heating as described in ^Building Skin' (section d-3). 

Classrooms 

1. Provide approximately kO percent of the classrooms 
with increased switch circuiting to permit both localiza* 
tion of light delivery and modulation of level by ''checker* 
board'' light patterns. 

2. Provide approximately 1+0 percent of the elasarooms 
with multi-level fixtures to permit reducing light levels 
throu^out entire elassroom to those aetually required for 
activities taking plaee* 

?0 



3. Pro^dde each of the remaining claBsrooma with either 
a conventional track-light system, a system of .rixed lights 
with adjustable switching patterns or a system where both 
fixtiu*es and switching are adjustable, the last two being 
accomplished either by multi-wire low voltage or multi- 
plexed control systems. In addition, provide some of 
these rooms with automated switching on an experimental 
basis. Tliis might include photo-sensitive controls for 
perimeter zones and timed shutdown of lights based on end 
of period signals. 

h. Provide seli^cted rooms with a series of work stations 
with integral ligl:.ting to pe.rmit a low general light level 
to be maintained while still satisfying requirements for 
those students performing demanding visual tasks. 

Special Purpose Rooms (Gymnasium, Cafeteria, Auditorium, 
etc. ) 

1. Re-evaluate the scheduling and use patterns expected 
in each area of the specific building in question and pro- 
vide aijpropriate light delivery system with particular em- 
phasis on ability to deactivate areas or reduce levels when 
.services are not needed. For example, in keeping with 
current use practices, provide two li^t environments in an 
auditorium — one for assembly, one for study hall use. In 
a cafeteria provide lighting conditions suitable for dining, 
maintenance and study hall use. Controls should permib se- 
lective lighting of individual areas within cafeteria for 
times when groups are using small portions of the space. 

2. Provide automated shut-down of light systems when it 
is anticipated that occupants will not utilize -systems and 
when scheduling can be easily predicted. 

Offices 

1. Provide ambient light levels of 15-20 footcandles and 
specific illumination at work stations. Note: the ambient 
light may be provided by the same fixtures which provide 
the task light permitting great flexibility in the space 

use. 

Corridors 

1. Provide light levels of 5-10 footcandles in corridors. 

2. Use light-reflective wall surfaces. 

3. Where alcoves or short corridors occur, provide sup- 
plementary illumination to prevent shadowed pockets. 

Note: Provide service capacity for possible future aupien- 
tation of lighting systems to current standards. 
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standards 



1. Outside design temperature 5^ F 

2. Classroom design temperature 68^ P (set at 65^ F) 

3. Administrative area design temperature 68^ F 

k. Gymnasium design temperature 65^ F and 70^ F based on 
type of activities talcing place 

$• Storage area design temperature 50^ P 

6. Other spaces as called for in latest School Design 
Planning Manual 

7, Exposure factors to be determined after site selection 

Distribution ^stem (predicated on heating only with no pro- 
vision for additional air-conditioning) 

1. Utilize low pressure steam with vacuum return. 

2. Sectionalize building and system to permit selective 
heating of spaces including small groups of classrooms, 
auditorium, and gymnasium during after-school hours. 

3. Use dual level thermostats (similar to day /night 
thermostat using automatic reset with override feature) 
to allow two levels of settings and system off. 

k. Locate controls centrally to facilitate the selective 
use of the system. 

Boiler 

1. Except as noted below, #6 oil is recommended. Pro- 
vide a minimum of three boilers, two of which will be sized 
at kO percent design load, the third at 20 percent. 

2. If design heating load is. less than 5,000,000 btuh, 
individually- fired multiple cast iron heat exchangers 
(modular boilers) in units of 10-20 percent of design load- 
utilizing #2 and ffk oil should be considered. 

Oil Burning Equipment 

1. Forced draft rotary cup type burners are recommended 
for all grades of fuel oil except as noted below. 

2. If #2 and ffk oil is tu be used with modular boilers^ 
consider air atomization mediijun pressure type burners. 
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Note: Conventional practice with rotary cup burners is to 
use variable dampers to modulate combustion air intake at 
partial operating levels. At lower levels this system is 
difficult to control accurately. Investigate whether a 
burner with a finite number of settings (e.g. four) with 
corresponding adjustable combustion air ports would per- 
form better at lower fuel rates. The installation would 
require tuning after installation to set the fixed open- 
ings. 

3. It is recommended that as part of Phase II, National 
Bureau of Standards evaluate a device such as the Cottell 
system which introduces water into the fuel-oil by ultra- 
sonic or other means. 

Terminals 

1. Typical classrooms: Provide perimeter radiation with 
individual room control. In selected classrooms, locate 
temperature sensors in exhaust air ducts and place controls 
in secure location (possibly behind grille). This will tend 
to prevent tampering and false readings resulting from local 
conditions. 

2. Kindergarten and pre-kindergarten classrooms (where 
programmed): Consider air floor radiant slab with hot air 
discharge at perimeter wall to counter cold-wall effects. 

3. Gymnasium, Auditoriiam: Provide heated air system 
with 100 percent recirculation capability for warm-up and use 
with limited occupancy. Where more than 25 percent of the 
air is e^austed, analyze heat recovery devices. These may 
be heat exchanger wheels, air to water to air loops or air 
to air counter- flow exchangers. 

Cooling Note: llie term cooling refers to any process which is used 

to lower the temperature in a space and includes mechanical 
refrigeration for space conditioning. 

Outside air 

Rooms without provision for chilled air or water will 
rely primarily on the introduction of outside air to pre- 
vent interior temperatures from rising due to local heat 
sources such as lights or occupants. This air introduction 
is to be considered separately from that required for basic 
metabolic functions which will be discussed under Ventilation* 
The outside air for cooling can be supplied either mechani- 
cally or by air pressure differentials or convection. 
Wherever possible, utilize non-mechanical meang (open windows) 
to ensure adequate cooling air. Wiere mechanical means are 
reqtuired, the system is to be isolated from the base venti- 
lating system either physically or by its control system. 
This is to ensure that regardless of air quantities intro« 
duced for temperature control, sufficient outside air will 
be supplied for metabolic needs. 
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Evaporative cooling 



Provide additional comfort at elevated temperatures by 
ensuring air movement which results in surface evaporation 
at the skin* This can be accomplished using oscillating 
fans J ceiling fans, low speed wall fans, or it can be ac- 
complished by the exhaust system. (Air movement does not 
require air removal %) 

Mechanical Refrigeration 

Provide chilled air to portions of the building. 

1. Design Standards* 
Outdoor - 88^ P D*B. 75^ P WB 
Indoor - 78"^ P D.B. 60% RH 

2. Chillers are to be selected based on energy sources 
available and demand for heat removal. 

3. Primary distribution is to be chilled water. 

1*. It is recommended that smaller rooms (offices, class- 
rooms, etc.) be heated and cooled with fan coil units of 
adequate size and number, individually controlled. In this 
way, the cooling function can be maintained separate from 
the metabolic outside air requirements. 

5. .Larger rooms (auditorium, gymnasium, etc.) utilize 
chilled air from the local air handling unit. 

6. With reduced exhaust requirement, no heat recovery is 
anticipated related to localized chilled water systems. 
Large, chilled air systems may utilize the same heat recovery 
systems used for heating. 

7. If centralized air distribution is to be used, use 
variable air volume systems. Avoid terminal reheat systems. 

1. Ventilating will refer to that outside air required 
for healthy maintenance of metabolic functions. 

2. The basic ventilation rates for areas other than 
those listed below will be 5 cubic feet per minute (cftn) 
per occupant, when space is occupied. This is based on; 

a. Study performed by the National Bureau of Stand- 
ards in conjunction with this report. 

b. Dr. Ralph Nevins* report included as an appendix 
to this report. 

C. Latest ASHRAE recommendation. 



*based on ASHME Handbook of Fundamentals ^ 1972 
Ch. 33 Table 1, 5% data; NYC Central Park 



3. The following spaces should be provided with a ventila- 

Summary of tion rate greater than 5 cfm/occupant 
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a. Gymnasium - 15 cfra/participant 

5 cfm/spectator 

b. Cafeteria - 15 cfm/occupant ^ 

Note: Where cafeteria is to be used as an in- 
structional space, a two-level system is to 
be provided which can supply 5 cr 15 cfm/occu- 
pant depending on usage. 

c. Special use areas such as labs, shops, kitchen 
which have equipment which exhaust air directly 
shall have appropriate make-up outside air. 

h. Controls - Ventilating systems will be zoned to be 
coterminous with heating system zones so that after-school 
uses can be carried out with the least introduction of out- 
side air by operating the fewest number of zones required. 
This will affect both fuel-oil and electricity usage. In 
addition, it is recommended that several of the classrooms 
with automated lighting be fitted with automated dampers 
integrated into the control system which would close at the 
end of each period euid open. only if the room was in use as 
indicated by the activation of any device in the room. In 
tl. Is way, any time a classroom remained empty for a period, 
the heating load would be reduced by the amount normally re- 
quired to heat that incoming air. The fan serving those 
damper-controlled areas will be variable speed controlled 
by SCR devices such as Triacs (section d-ll) responsive to 
the damper position. 



Domestic Hot Water 1. Provide a separate hot water heater with a burner 

sized to meet the anticipated demand at times when there is 
no demand for the prime space heating boilers. 

2. Deliver hot water at 100^ F except for dish washing. 

3. Utilize low temperature **waste" heat to preheat do- 
mestic hot water. 

k. Utilize solar collector as described in earlier sec- 
tion. 
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educational activities 
and energy use 



One of the obvious truths emerging from the observations of 
numerous New York City schools and the detailed analysis car- 
ried out in the preparation of this report is that energy ex- 
pended in vhe process of conducting educational activities is 
actually a very small part of the total energy expenditiire of a 
school. Effective teaching has been carried out under the most 
simple and unassuming conditions, Socrates taught his pupils 
in the shade of a tree. The early settlers in this country 
taught effectively in the one room schoolbouse. Today, the 
most valuable teaching may be carried out as effectively in 
the older structures as in the most recently constructed 
schools. In the end it is the inspiring teacher who has the 
greatest effect on pedagogical results. 

This does not imply however, that provision of a safe and 
healthful environment can be overlooked in architectural . 
design. Adequate light for safety and good vision, sens- 
ible temperature and air circulation must be provided. The 
purpose of this report is to find ways of effecting these 
desirable environmental conditions with the least amount of 
energy expenditure and in the least complicated way. 

Technical and scientific developments have dominated and 
determined the total built environment in the past several 
decades to such a degree that we have lost sight of the 
natural means of controlling the environment. Unquestion- 
ably mechanical solutions are necessary where natural means 
are not practicable or adequate, especially in urban 
schools located in highly built-up areas. Nevertheless, 
the findings of this report indicate that natural means of 
controlling light, temperature and ventilation have not 
been used to their full potential. Mechanical systems have 
tended to dominate architectural design, have redundantly 
duplicated available natural conditions and have become 
overly complicated. 

Natural lighting can be considered the basic light for the 
classroom* It has a rounded color spectriim, its variations 
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in intensity are within the large adjustment capabilities of 
the human eye, and it has immediately understood connota- 
tions linking the classroom to the outside world. Artific- 
ial illumination will serve to supplement this source (l) 
when insufficient natural light exists; (2) when special 
emphasis is needed; (3) for specific tasks; {h) for precise 
control of light levels. In other words, ■*+• is essential 
to provide a lighting system — both natui"! f ■\d artificial 
— which is responsive to the many varied eiuoational ac- 
tivities taking place within a school. In contrast to the 
uniformly high light levels prescribed by various govern- 
ment agencies and other organizations (sub-report h-2) de- 
signed to accomodate the most difficult task at any point 
in the learning space, the light delivery system should be 
sufficiently versatile and rearrangeable so that major 
changes in lighting patterns can be easily accomplished. 
Daylight will have to be modulated by shading devices, by 
light baffles, by careful considerations of sizes and loca- 
tions of windows (section d-5). 

Artificial illumination can be controlled by selective 
switching (section d-ll) whereby a chalkboard can get ad- 
ditional artificial illumination to help attract pupil 
attention; to compensate for brightening or waning daylight, 
or to adjust to a quick rearrangement of furniture within 
a classroom. No longer is the accustomed classroom of 
30-1*0 fixed seats facing the chalkboard the universal 
teaching space. As observed in the course of many school 
visits and documented in the section on Educational Activ- 
ities and Desirable Environmental Conditions (sub-report i) 
many activities take place during each class period, and 
the number of students and teaching personnel are equally 
T-ariable. There are no typical teaching situations; stu- 
dents work singly, in small groups » in class-sized groups, 
in assembly-sized groups performing any n\mber of educa- 
tional activities in any number of furniture arrangements. 
This requires a wide variety of light levels ranging from 
low ambient light for discussions, lectures and AV pro- 
ductions, to hi^er light levels for such tasks as reading, 
writing and even more demanding visual tasks such as 
drafting, sewing and laboratory work. 

The actual determination of ligjit levels has been under 
considerable debate over the past few decades. Recommenda- 
tions for school lighting have been startlingly divergent 
during this time period. School light levels have risen 
at regular intervals based largely on the findings of con- 
trolled experiments carried out under laboratory conditions 
purporting to simulate actual conditions, 

In considering school lighting we have viewed the class- 
room as the most important laboratory and have made some 
investigations of the conditions within classrooms and the 
results attained in the classrooms educationally. Our 
findings tend to support the point of view expressed in 
general terms by th^^^itish Department of Education and 
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Science, which based its recoinraendations on the work of the 
Building Research Station, and by Miles A. Tinker, who con- 
ducted his classroom experiments at the University of Minne- 
sota (sub-report^h-l). The experience in England and the 
studies of Tinker suggest that an ambient light level of 
about 20 footcandles is quite adequate for all seeing tasks 
in classrooms for children with normal vision. In class- 
rooms for children with impaired vision, 50 footcandles are 
indicated. These levels should be supplemented as noted in 
the charts covering "Educational Tasks and Environmental 
Conditions" (sub- report i). 

In rooms with natural light through windows on one side, 
measurements have established that even On an overcast day, 
a window with a head of 9 ft, even with shades partially 
drawn, provides an acceptable level of light 15 ft into the 
room. This implies that daylighting can fill a substantial 
portion of the school lighting requirements and that arti- 
ficial lighting can play the supplemental role. 

Similar conclusions have been drawn in the area of ventila- 
tion, heating and cooling. As pointed out by Dr. Ralph G. 
Nevins (sub-report g-2) under most conditions, opcfn windows 
will provide more outside air than is currently specified 
under existing standards for mechanical ventilation. The 
introduction of outside air above the basic requirements 
should rely primarily on non-mechanical means. Mechanical 
support should be used only when the natural systems are 
inadequate. 

In conclusion, it is our contention that, with understand- 
ing, people enjoy the exercise of options that affect their 
comfort conditions. They prefer to participate and modify 
air flow, temperature and light conditions. We would no 
more think of questioning a person's ability to open and 
close a window at home, to switch a light on or off than 
we would question the ability to unlock the front door. 

The recent reports of the experiences in industrial plants, 
SAAB, VOLVO, IBM in Britain and others, demonstrated that 
productivity, too, benefits from the greater participation 
of the individuals in the secondary dec is ion- making proeess. 
Similarly, the educational achievements ought to benefit 
when the participants, teachers and pupils, can influence 
the kind of setting they are in. 
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prototypical .^^JS^s^ 
proposals ^^^^ 



1# BASIC APPROACH The function of a building is to provide an environment in 

which a number of activities and taaks can l<c performed in 
safety, in health and in physical and psychological comfort. 
Criteria to provide these conditions frequently require 
that the environment created be differentiated from the 
natural (outside) environment. This in turn requires a 
barrier between the two environments (the building skin). 
As the restrictive properties of the barrier increase it 
becomes necessary to reintroduce environmental factors to 
the inside environment even thouj^h these services may be 
abundantly present on the outer side of the skin. For ex- 
ample, in a building with an opaque skin (no glass) it is 
necessary to provide internal lighting, although there is 
substantial daylight on the outside of that skin. In addi- 
tion, as the distance from the skin increases, the avail- 
ability of these "natural" environmental factors decreases. 

These environmental factors are achieved for the most part 
through the use of various forms of energy . The direction 
of flow of this energy will, if not mecho.nically altered, 
be from conditions of higher state to those of lower state. 
At times this flow will move the interior environmental 
conditions away from the desired state rather than towards 
it. For example, when heating of a space is required, and 
outside temperatures are lower tnan inside, the natural 
direction of energy flow will increase the demand for heat. 

Positive and In order to quantify and evaluate both mechanicaJ. and non- 

Negative Energy mechanical building systems in ternif^ o:f.' their impact on 
'^'^^^ overall fuel consumption, the following: ronventi on will be 

used to describe energy passing through Ihc skin of a 

building! 

^) Positive energy flow : Any no!i-ip.-ch;ui.lca:i. trani'.iiiis- 
sion of energy through a building ,".ki.ii whlrh would (H-her- 
wlse have to be mechanically r.uppii - v.'Im ir^ M.ir.iLi vc , 
the value being equal to the sou roc oucvry C' MinLi'cd ly the 
^ ^-1/1 mechanical process. 
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4^1 /g "b) Negative energy flov ; Any transmission of energy 

Basic Approach through the skin of a building which results in the need 

to operate a mechanical system to counter the effect of the 
transmission will be negative, the value being equal to the 
source energy required by the mechanical process. 

The sign of the flow is not exclusively determined by -the • 
direction of flow. For example: 

a) Positive energy flow from inside to outside t 
Building has interior heat above 4esired limits. Utilizing 
natural air movement, heat energy' is convected to outside 
eliminating the need for mechanical cooling. 

b) Negative energy flow from inside to outside ; In 
cold weather, building tends to conduct heat to the outside 
requiring a mechanical heating system to maintain minimum 
interior temperature. 

c) Positive energy flow from outside to inside ; In 
situation cited in (b) above, solar radiation entering the 
building will reduce the need for the mechanical heating 
system. 

d) Negative energy flow from outside to inside; When 
over-heating is a problem, the same solar radiation will be 
negative, requiring some mechanical means to remove excess 
heat. 

* In terms of conserving source fuel, positive energy flow 

will always be desirable, negative always undesirable; so 
by comparing net annual positive energy flow, the relative 
energy efficiency of skin and system combination can be 
determined. 

General Observations Over the past thirty years, devices and systems which modi- 
fy the internal environment have tended to be mechanical, 
requiring the input of energy for their operation. In de- 
signing these systems, the negative energy flow through 

building skin is calculated since it is this that the 
mechanical system must offset; however, the positive flow 
is usually ignored since this generally does not affect 
the most extreme condition thti ■ a system will encounter. 
This attitude has led to a general point of view which 
considers building skin (or perimeter) a necessary evil 
which should be minimized. In this situation, every at- 
tempt is made to neutralize the energy flow betweeip the 
inside and outside environments thereby creating a rela-* 
tively predictable interior situation and to provide the 
environmental factors by mechanical means with reductions 
in fuel usage resulting primarily from the optimization of 
systems and the minimization of negative energy flow 
through the skin. ThiQ approach results in buildings whioh 
are totally dependent on their mechanical systems. 
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<^*l/3 By considering net energy flow through the building skin 

Basic Approach and maximizing the net positive result, a situation can be 

developed where mechanical systems are used only when the 
demands for energy consuming environmental services are 
greater than the positive flow can deliver. This approach 
requires that the building skin responds either actively or 
passively to the outside environmental conditions, and to 
the inside environmental demands. It also requires a 
mechanical system that can interact with conditions deliver- 
ed by means other than itself. This approach is based on 
a combination of building skin and mechanical systems in 
which the greatest possible net positive energy flow 
through the skin results in minimizing total fuel usage. 
The actual efficiency of each system in operation ma^v in 
fact be lower than similar alternative systems which func- 
tion under more predictable conditions. Nevertheless, the 
fact that they do not have to function as much of the time 
results in overall fuel econoiny. 

A number of factors suggest that this second approach is 
worth pursuing in designing a new Low Energy Utilization 
School: 

1. Statistics indicate that buildings which rely en- 
tirely on mechanical and electrical systems for environ- 
mental control use considerably more fuel in their opera- 
tion than do those which use natural means supplemented 
with back-up systems . 

2. Observations indicate that buildings which rely en- 
tirely on mechanical and electrical systems for environ- 
mental control perform no better, and in some cases less 
well' in providing pre-specified environmental conditions. 

3. Increases in complexity of systems with predetermined 
interrelated responses increase potential malfunctions at a 
rate determined not only by the increased numbe;* of com- 
ponents, but also by the increased relationships between 
components . 

h. Systems which attempt to provide environmental con- 
ditions by utilizing predetermined responses to preselected 
sets of conditions which are mechanically (or eleetronie- 
ally ) received and interpreted tend to minimize the abil- 
ity to respond to actual human requirements unless respon- 
siveness to local, manual input is provided. 

5. Buildings which rely entirely on aeehaniGal and elec- 
trical systems to produce acceptable environmental condi- 
tions are totally vulnerable to drastic curtailments of 
fuel and electricity. Buildings which use these systems 

as augmentation for naturally delivered factors are less 
suseeptable to these pressures. 

6, 'Hie changes and unpfedietability of naturally de- 
livered environmental i^e^vlees provide variation in the 
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ci-:i/ii _ oducB.t:io\ial spaces which is valuable, both in the allevia- 

Basic Approach tuMi of environmental boredom, and aa a teaching factor 

which helps make students aware of the interrelationship of 
tlieir own micro-environments and the natural environment as 
a whole. 

7. Tlie need to modify mechanical systems' operations as 
outside c?onditlons vary is an important educational factor 
in famliarizing students with the procedures of operating 
systems In apartments, homes, work situations, etc. which 
they will encounter outside the school situation. Similar- 
ly, the ability to vary conditions by non-mechanical means 
siK'h as opening windows or drawing shades and blinds in- 
structs in the simple manipulation of environmental con- 
ditions, 

'.niorefore, this report advocates the approach of producing 
a building In which environmental conditions are provided 
by factors taken non-mechanically from the adjacent natural 
envii'onment whenever* possible and mechanical systems when 
not » 

I'^uture The new building will serve as a laboratory for the evalua- 

Modificationri txon of energy saving techniques. It is possible that some 

of the systems will require additional back-up at some 
future time. With this in mind, systems where this may 
occur are to be designed so that this augmentation can be 
achieved with minimum disruption of the building. 
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2 • BUILDING 
CONFIGURATION 



Distance of 
occupied spaces 
from exterior 
surfaces 
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a) Maximize perimeter area which reduces overall fuel con- 
sumption by using solar and wind energy. 

b) Minimize perimeter area which increases overall fuel 
consumption due to excessive unwanted heat transfer to 
and from the outside. 

c) Organize internal arrangement of building to use natural 
and mechanical environmental systems moat efficiently. 

Any environmental factor, mechanical or natural, will be 
effective for only a limited distance from its point of 
introduction. The distance between interior areas and 
exterior surfaces will greatly affect the usefulness of the 
available natural environmental elements. These will be 
effective for only a limited distance from the point of 
introduction unless specific means are employed to extend 
their range. Natural light, for example, loses effective* 
ness as the distance from the perimeter increases (the ex- 
act loss pattern depending on the nature of the source). 
Hot air will tend to stratify at the upper portions of a 
space unless something forces it down. 

As a result, if natural environmental factors are to be 
used in the most direct fashibn, it will be necessary to 
limit the distance from exterior surfaces of all spaces 
thus served. These limitations will have to be determined 
for specific areas and orientations. 

The above factors suggest several considerations in build- 
ing configuration. Some of these may interfere with eaeh 
other or may be mutually exclusive. Rather than malting 
decisions on a component by component basis, the final set 
of options selected will result from overall performanee 
analysis. These decisions must be made within the context 
of a specific building project. 
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Orientation 1. Orientation must recognize micro-environment, i.e., adja- 

cent buildings (existing or projected^ terrain, etc. 

2. Building should be oriented to maadraize exposure to solar 
radiation during the heating season. 

3. Solar gain for heating should be scheduled to account for 
temperature lag due to thermal mass of building. 

1*. Relationship of building to outdoor spaces should be set 
to maximize positive solar Impact on these spaces, i.e., 
snow melting, heating in winter, sunning in spring and 
fall, etc. 

5. Relationship of building to outdoor spaces should maxi- 
mize^within limits, air movement in hot weather, mj.nimize 
air movement in cold weather. 

6. Orientation should permit greatest utilization of outside 
air movement to facilitate natural ventilation. 



Perimeter Area Maximize productive exterior surface . Whenever exterior 

surfaces can yield positive energy flows, they are, by 
definition, serving to reduce source fuel use requirements 
as compared with a space which has no interaction with the 
outside environment. The evaluation of what constitutes 
productive surface will vary from one situation to another, 
depending on the actual needs of the space, the type of 
building skin, the orientation of the surfaces among other 
factors. In general, it can be said that the highest pro- 
ductivity from a wall survace will result from a skin 
which (l) can permit greatest energy flow when natural flow 
is in a positive direction, (2) can be most highly restric- 
tive when energy flow is in a negative direction, (3) can' 
permit the flow of one type of energy when that type is 
positive while restricting another type when that other 
type is negative. When these three criteria can be met 
and adequate natural energies (wind, solar heat and light) 
are available, a productive exterior surface can be 
achieved. In these situations, the exterior surface should 
be maximized. This has obvious impact on building config- 
uration. 

Minimize counter-productive exterior surfaces , that is, 
surface areas which, due to negative energy flow, result 
in the utilization of more source fuel than would be used 
if the surfaces had no energy transfer to or from the ex- 
terior. 

r 

There are three ways of minimizing counter-productive sur- 
faces. One is by redesigning the skins which make up these 
surfaces so that they become productive. In doing this, it 
is important to ensure that there is a demand for the posi- 
tive energy being delivered if actual source fuel savings 
are to be realized. For example, the natural ligjit pro- 
({-2/2 vided in a rarely used but constantly heated storeroom 
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represents a source fuel saving only if the fuel required 
to artificially deliver light for certain hours per day is 
more than the fuel required to replace heat lost by con- 
duction through the glass. In actuality, v^hen light is 
needed only a small part of the time, it is usually more 
economical to use artificial light which can be switched 
off when not needed. Where actual operating conditions do 
not coincide with assumed computed conditions, results may 
occur which are opposite from those anticipated. 

The second way of reducing counter-productive surfaces is 
to structure the internal organization of the building to 
place those functions which will have the greatest demand 
for positive energy flow adjacent to the exterior skin. 

The third method for reducing counter-productive surfaces 
is to actually reduce the amount of exterior skin when that 
skin must result in a negative flow either because of 
orientation, building program, micro-climate or other 
specific restrictions. The asymmetry of solar incidence, 
prevailing winds, program, etc. may lead to a situation 
where it is desirable to have more actual surface on one 
side of a building than on another. 

Proportion In order that positive energy flow be non-mechanic ally de- 

livered to areas which have sufficient demand, these areas 
must, in general, be in close proxirfldby to the building 
skin. This requires relatively wir plans and sections. 

In general, building configumtion v\l'< be determined by 
first evaluating the available? deraar.u for energy related 
services, the availability of natural eources of these 
services, the density of theae sources and the efficiency 
with which these sources can le captureo a.^d retained. 
This will indicate the amount of pr. ucti. v.* exterior sur- 
face required to deliver these naturo' eerT/lces. This is, of- 
course, a highly idealized and abstra^. ted f^.tuation. In 
the case of an actual buildiing.v a serl«a of trade-offs will 
have to be weighed. ■ There will always b«s '^ome unavoidable 
counter-productive surfaces which will, in f&ct, tend to 
be increased by the effort to Increase productive surfaces. 
There will be cases where the natural anouivt of surface 
area generated by a specific plan requirement will be less 
than that required to satisfy energy demand even under 
ideal conditions. 

However, the synthesis of a specific building responding 
to the basic considerations above will yield a total en- 
tity which will be less dependent on mechanical systems to 
modify interior environments to acceptable standards due 
to an increased ability to use natural sources. If pro- 
visions are also made to restrict negative energy flow, 
the net result will be a decrease in the use of source 
fuel . 
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Building 
Configuration 



Summary of 
Findings 



1. Evaluate program to determine areas that can take 
greatest advantage of natural light and ventilation. 



2. Arrange bviilding so that those spaces which can bene- 
fit from natiu*al light and natural ventilation are located 
at the perimeter of the structure. In this way unavoidable, 
unwanted heat loss and gain will be offset by natural means 
of satisfying light and air requirements. 

3. Arrange building so that spaces which can least bene- 
fit from natural li^t and ventilation are located in the 
interior portions of the building. 

h. Orientation will be governed by site restrictions. If 
options are available, orientation will be determined by 
solar consideration, according to criteria which will maxi- 
mize solar heat gain in the peak heating season (particularly 
in the early morning to reduce start-up loads) and minimize 
heat gain in temperate and hot seasons. The wind patterns In 
most urban sites are erratic precluding orientation "based on 
prevailing air currents; however, in cases where "buildings 
are In highly exposed sites, this must be considered. 
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prototypical 
proposals 



3 •building skin a) Maximize positive energy flow through building skin. 

b) Minimize negative energy flow through building skin, 
(for discussion of positive and negative energy flow, 
see section d-l) 

The building skin, the facade, is the most visible part of 
the building, and is the most expressive of the whole de- 
sign approach. While it has had the historic role of 
allowing light and air into the interior of the building 
when required, keeping in desirable heat and keeping out 
unwanted heat, in recent years it has been drastically 
simplified to accommodate techniques of construction and its 
performance requirements have been minimized, since mechan- 
ical systems were considered totally capable of providing 
a satisfactory interior environment. A fundamental re- 
examination of the requirements and performance of build- 
ing skins promises to allow major reductions in energy 
demands . 

In the coir5)lete pattern of energy use in a typical New York 
City school, the building skin is responsible for about 35 
percent of the heat required to maintain prescribed condi- 
tions. THs figure can be reduced by improving the thermal 
characteristics of both the glazed and opaque sections of 
the s' in (including the roof). 

Current regional practice has been to provide an overall 
U-factor (including glass) of about .kk. 1^ adding insula- 
tion in a cavity masonry wall, by increasing insulation in 
a curtain wall from 2" to and by adding insulation be- 
tween a masonry wall and the interior finish the U-faetor 
in opaque walls can be improved to .1, ^y going from 
single glazing to double glazing, the U-factor of the 
glazed areas can be improved from I.IS to 0.67. 

d-3/1 * Ihese changes would improve the overall U-factor to about 
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Building Skin 



Energy TransLiission 
and Resistance 



Positive Energy 
Plow 



Input 



.22. Baaed on present New York City school consumption 
figures, this woxxld save about 90 gallons of fuel oil per 
msf of school area per year. 

By introducing daylight through the building skin, interior 
li^t requirements in classrooms can be reduced by about 25 
percent. For every lineal foot of glazed window in the 
facade, there is an annual saving of l8 kwh« 

^y having operable windows, the amovint of electricity used 
to operate fans and air-conditioning can be reduced by 30 
percent. This constitutes a saving of 290 kwh/msf/yr. 

Ihese are savings that can be achieved by improving the 
performance of the standard wall components. They are not 
additive, but do offer important savings. 

By re-examining the performance and requirements for the 
entire wall, however, additional energy savings can be ex- 
pected, with a wall that is more responsive to solar input 
when heat is required and with a greater capability of 
screening out solar gain when it is undesirable. 

The utilization of a large surface between inside and out- 
side in order to reduce source energy utilization requires 
that the membrane that defines this surface be able to both 
transmit and restrict a number of different forms of en- 
ergy flow depending on the availability of the various 
sources in the natural environment and the demand for these 
services at the building interior. In general, transmis- 
sion is easier to achieve than resistance for conducted and 
convected energy transfer. Transmission is much more diffi- 
cult in the case of radiated energy. If the building skin 
is to respond to varying situations it must, as stated ab- 
ove, modify these energy flow characteristics. 

Positive energy flow, that is, energy flow that reduces the 
need for the consumption of source fuel can be either en- 
ergy input to or output from the interior environment. 

Positive energy flow as input occxurs in the following 
forms: 



Output 
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1. Solar radiation used as light 

2. Solar rt*diation used as space heat 

3* Conducted and convected. heat when outside ambient tem- 
perature is higher than inside and inside is below de- 
sired level. 

Positive ener^ flow as output occurs in the form of con- 
ducted and convected heat when interior ten^ierature is 
higher than exterior and insidv^ is above the desired level. 

Hea**; transfer through a building skin by conduction and 
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Building Skin 



convection is not necessarily a straight line flow but can 
be aroxond comers, curves, etc. requiring only that there 
be a driving pressure to induce the energy or medium to 
move. In the case of conduction, this would be a tempera- 
ture differential. In the case of air convection, it would 
be a weight differential resulting from the differential due 
densities of hot and cold air, or pressure differntial due 
to outside wind patterns. The force generated by tempera- 
ture or pressure differentials between inside and outside 
will induce air movement which can be utilized to bring 
outside air in for ventilating purposes. This may result 
in a negative energy flow when evaluated in terms of space 
heat, however, certain quantitites of outside air must be 
introduced to interior environments in any case. If not 
done in this manner, it will require the use of source fuel 
to operate fan motors. This convected transfer of energy 
can also be used as the device to transfer energy through 
a skin which otherwise has a high resistance to flow. Ihus, 
a skin with high thermal resistance when sealed against air 
penetration will have a low overall resistance when air is 
allowed to pass through it. 

Radiated energy is highly susceptible to absorption or re- 
flection and travels primarily in straight lines making its 
control a relatively simple matter. The problem comes pri- 
marily when it is to be used in an environment where the 
conducted and convected transfer has to be controlled. 
This requires the use of a materisil which is transparent to 
radiation but resistant to conduction and convection. In 
general, materials with high radiational transparency have 
low resistance to conduction. The most typical example of 
this is glass. 



Hie Ideal 
Building Skin 
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An ideal building skin could be described as follows: 

1. It would permit total penetration of all radiant en- 
ergy striking it, but would have the capability of selec- 
tively reducing all or part of the entire spectrum or 
specific portions of the spectrum. The selective reduction 
of the entire spectrum permits the modulation of total en- 
ergy gain which, in the end, is equivalent to heat gain 
control. 3y selectively filtering portions of the spectrum 
it permits radiation in a useful range to enter while barr- 
ing that which is counter-productive, as in the case of ad- 
mitting visible light radiation while filtering infrared 
during the summer yielding natural light from solar radia- 
tion (about 25 percent of total) while keeping out unwafited 
heat. Providing means to limit this natural light input to 
those levels which are actually desired minimizes the heat 
energy which inevitably results from the presence of light. 

2. Ihe skin would have a total resistance to conducted 
energy transfer and be impervious to air penetration, thus 
eliminating convected losses. It would have the capability 
of having its thermal resistance varied permitting free 
conducted flow of energy if the outside ambient tetijperatui*e 
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Solar Heating 
Factors 



PROTOTYPICAL 
EXAMPLE 1: 
FACADES RECEIVING 
SUFFICIENT INSOLA- 
TION TO MAKE SOLAR 
HEATING VIABLE 
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was closer to the desired inside condition than the pre- 
vailing one. The skin would also be able to admit as much 
air as woiald naturally flow through a completely unencum- 
bered area of equivalent size, 

A number of these performance characteristics are imprac- 
tical to achieve, some are virtually impossible, and an 
assembly which approached all these requirements would be 
prohibitively expensive. It might, in fact, consume more 
energy in construction than would be saved in operation. 
There are, however, a number of alternatives which would 
approximate this condition and which are relatively simple 
to execute. As in other cases, hov/ever, approaches can be 
illustrated most easily by citing prototypical solutions 
to a hypothetical situation. 

This consideration must be baped on a nvimber of factors 
which can only be analyzed in total at the time a specific 
building design is undertaken including: 

a) Site limitations on orientation* 

b) Solar micro-climate, i.e., local shading factors due to 
adjacent buildings, to topography, etc., typical local 
wind patterns. 

c) Use patterns anticipated both daily and annually. 

d) Degree of dependability of user adjustment. 

A wall component responding to the performance standards 
previously listed has been designed and evaluated. 

Assume a 10*-6** floor to floor dimension dimension and a 
10*-6" X 12*-0" skin module (figure d-3/6). The portion 
telcw the window sill line functions as a typical thermo- 
siphoning panel (section d-5, Solar Energy). The upper 
portion of the module is divided into two functions. The 
center porf^.on is a chase which collects the hot air from 
the entire lower portion, adds some additional solar heat 
and discharges the heat from the top, either into the 
room or to the outside, depending on the setting of a 
damper. The side portions are openable windows with 
shutters on the outside which serve both as therm&l and 
solar control.* The shutters are insulated^ tight fitting 
and reflective on the outside. Or easterly and westerly 
exposures, they operate vertically, opening on the north 
side. On the south, they are horizontal, awning type. By 
selecting the appropriate degree of opening, direct solar 
radiation can be either refjected into the room or out- 
wards . 

*The term "thermal shutters" will be used to describe all 
devices that can be closed to reduce heat transfer between 
inside and out, such as louvers, dampers, rolladen^ Slid- 
ing panels and even insulating draperies. 
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^"3/5 For the following sections, these factors will be used 

Building Skin (areas are per 10 '-6" x 12 •-0" module): 



1. Total thermo-siphon area 90 sf 



Heating Season 



FIGURE d-3/1: 

THERMO-SIPHONING 

PANEL 

HEATING POSITION 



2. Total operable window area 35 sf 

3. U-factor for themo-siphon area when not in operation 
.06 (based on rigid insulation, air space and cover 



k. U-factor for window area with shutters open 1.13 

5. U-factor for windows with shutters closed 0.l8 (based on 
l" rigid insulation, air space and 1 thickness glass) 

6. Average January daily insolation: 



(While there is some insolation for North e.xp6sure even 
when there is no direct solar radiation, it is not high 
enough to warrant the installation of collectors on this 
facade ) . 

The damper is set to direct solar heated air inward. 



The windows are closed and the shutters are open wide 
enough to reflect sunlight into the room. Taking operation 
from 9 AM to 3 PM, we see the following heat flow patterns: 

East and West - For about 3 hours /day the thermo-siphoning 
panels receive sun totaling about 372 btu/sf or a total of 
33,500 btu/module/day. With an overall efficiency of about 
20 percent, this resiolts in the delivery of about 6?00 btu/ 
day/module. The operating efficiency takes into accouiit 
the heat loss from the panel so that heat gain is net for 



plate ) 



East & West 
Southeast & Southwect 
South 



372 btu/sf 
6l»5 btu/sf 
828 btu/sf 




d-3/6 the operating period. During the other three hours when 

Building Skin the scI?ool is in operation » the panel acts as a typical 

wall with a U-factor of O.O6. If the average outside tem- 
perature is 33° F and the inside temperature is 68° F, the 
heat loss for those three hours will be: 

(90) (.06) (35) (3) « 567 btu/module 

The U-factor for windows is 1.13; consequently, for the 
six hours in question, the heat loss will be: 

(35) (1.13) (35) (6) = 8305 btu 

When there is insuffient insolation, the back draft damper 
automatically shuts down the thermo-siphon. At ni^t the 
shutters are manually closed. This results in a closed 
wall with an average U-factor of: 

(90/125) § .06 - .01*3 

(35/125) @ .18 « .050 

Average U =' .093 

Assume an average outside temperature of 20° F and an in- 
side temperature of 60° F (building is allowed to "coast"). 
For eighteen hours this will give a total heat loss of: 

(125) (.093) {ho) ( 18) o 8370 btu 

The total conducted heat loss will be 17,2^2 btu/day /modulo . 
If the heat gain from the solar collector is included, the 
net daily loss is: 

10,51*2 btu/module 

If the building skin were of conventional type, assuming 
high quality insulation in the opaque portions and 25 per- 
cent single glazing, the same area would have the following 
daily heat loss for the same assumed conditions: 

(125 X .25)(1.13)(35)(6) « 7,1*15 

(125 X .75)(0.06)(35)(6) « l,l8l 

(125 X .25)(1.13)(1*0)(18)=25,1*25 

(125 X .75)(0.06)(UO)(18)« .1*,050 

38,071 btu/module 

(l0'-6"x 12«-0") 



In both cases, solar gain from the windows has been ipored. 

The collectors on the same prototypical skin module on a SE 
o . or SW exposure would be expected to produce about ll,6l0 



Building Skin 



btu/module. This would result in a net heat loss of 5,632 
btu/«u">d''li. 



Supplementary 
Ventilation 



PlGUfiE d-3/2: 



For a south exposure, the expected daily heat production is 
ll*»90l* btu/module resulting in a net loss of only 2,338 
btu/module. 

No allowance has so far been made for the heat demand which 
results from the introduction of required outside air. If 
it is assumed that one module will enclose the area us6d by 
fifteen students, the total quantity of outside air intro- 
duced during the typical six-hour operation period will be: 

(l5 students) (5 cfih/student )(6x60 minutes) =» 



The heating load resulting from this outside air will be: 

(27, 000) (.018) (At) = 1*86 At btu/module 
or, for the time under consideration: 



This demand for heat due to introduction of outside air is 
important since it can be seen that in the most extreme 
heating dema.nd conditions the skin module in the south ori- 
entation can replace virtually all the conducted heat loss 
with the solar collectors. In Februaiy, the insolation on 
a south wall will average 785 btu/sf/d&y. oiie module's 
collectors could be expected to produce 17,litO btu/day 
which is virtually equal to the total conducted loss under 
the outside temperature conditions assumed ih the previous 
example. I 

When the prime consideration is the prevention of excess- 
ive heat rise due to solar and internal loads, the damper 
is reset to direct air from the collector outward. Ohus, as 



27.000 cubic feet /module 



17,010 btu/module 
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<i~3/8 the sun heats the air in the thermo-siphoning panel, it 

Building Skin rises and exhausts, drawing make-up air from the room. 

Tnis air can be provided from open windows or from the 
corridor. This air movement has the additional advantage 
of drawing off heat that would normally be absorbed by the 
building and of functioning most actively when the need due 
to solar loading is the greatest, 

PROTOTYPICAL Assxime a 10 '-6" floor to floor height. For rooms which re- 

EXAMPLE 2: quire light (that is, virtually all occupied spaces) pro- 

FACADES RECEIVING vide continuous windows from 3'-0" to 8'-0" above floor 
INSUFFICIENT INSULA-level and fit these windows with thermal shutters. These 
TION TO MAKE SOLAR windows will provide light to a 10 '-O" strip of floor area, 
HEATING VIABLE an average of about 6 hours/day and, assuming shutters will 

be open about 8 hours/day, the wall will have an average 

daily U- factor of 0.27. 

Average U- factor with shutters open: 

(5.0/10. 5)(1. 13) + (5.5/10.5)(.06) = .57 

Average U- factor with shutters closed: 

(5.0/10.5)(.l8) + (5.5/10.5)(.06) = .12 

Average Daily U- factor: 

(8/2l*)(.57) + (16/21*)(.12) =0.27 

Note: In evaluating the use of artificial light where heat- 
ing is a criterion, one factor frequently cited in favor 
of artifical light is that the associated heat tends to 
reduce the load on the heating plant and that reduction, 
in conjunction with improved U-factors made possible by the 
elimination of glass outweighs the energy savings resulting 
from natural lighting. This argument tends to ignore the 
heat associated with natural (solar) light which is actu- 
ally about the same as for fluorescent light (section d-5, 
Solar Energy). 

Take one lineal foot of wall 10 '-6" high. Compare wall 
"A" with average U-factor of 0.1 providing no natural 
light and wall "B" with average daytime U-factor of .57 
and thermal shutters, providing light to a ten foot deep 
strip of floor area for six hours /day average. (Assume 
shutters open eight hours/day, similar U-factors for two 
walls with shutters closed, average daytime temperature 
differential of 20° F, 120 operating, heating days and 200 
total operating days). 

Wall A - Ihe seasonal conducted heat loss from one lineal 
foot of wall when room is in use will be: 

(10.5)( 0.1)(20)(8)(120) = 20,l60btu 



If this heat loss is replaced by a system with 60 percent 
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efficiency, it will require 33t600 btu source energy > 



Wall B The total seasonal conducted heat loss from one 
lineal foot of wall occurring where room is in use (shut- 
ters open) will be: 

(10.5) (.57) (20) (8) (120) a lll*,912btu 

If this heat loss is replaced by a system with 60 percent 
efficiency, it will require 191^520 btu source energy . 

If these windows replace 1.5 watts /sf over 10 sf floor area 
for six hours per day average, the total savings will be: 

(10) (1.5) (6) (200) « 18,000 wh 

At local generating rates, this represents: 

(18,000) {12. k) (1,1) g 2l»5.520 btu source energy 

Thus, Wall A has a net negative flow of 33,600 btu and Wall 
B a net positive flow of 2l*5»520 - 191»520 = 5l*»000 btu. 
In terms of the factors diBCUssed above, the use of Wall B 
would result in savings in source fuel amoxinting to about 
87,600 btu/lineal foot/yr. 

The two wall systems described here are intended to show an 
approach to designing non-mechanical components of a build- 
ing to reduce energy use. They are not intended to be in 
any way definitive solutions to building skins. 



Computer simulation, using an hourly weather tape would be 
useful in determining specific applicability. The time 
when heat is required in the building versus the ability of 
the thermo-siphoning collectors to provide that heat is an 
important factor in evaluating the suitability of the scheme 
for school use. Figures d-3/3 and d-3/1* indicate the com- 
plexity of the problem. 
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Building Skin 




FIGURE d-3/hi 

HEAT CONTRIBUTIONS 

FROM VARIOUS 

SOURCES 

VffiST EXPOSURE 
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Building Skin 



South Elevation 




East Elevation or 
West Elevation 
(opposite hand) 



FIGURE d-3/5s 
PROTOTYPICAL 
BUILDING SKIN 
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SECTION B 




FIGURE d-3/6: 
PROTOTYPE 
BUILDING SKIN 
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Building Skin 



(l) Collector plate with absorptive su>faoe, backed with 
insulation. 



Transparent, corrugated fiberglass 
d) Translucent insulating panel, 

(5) Thermal-solar shutters (Reflective surface, backed with 
1" rigid insulation shown closed. Dotted lines indi- 
cate full open position). Sections are taken through 
south facing elevations. (For East and West facing 
elevations, vertical shutters will be used). During 
winter the shutters can be used to reflect light into 
the room while the room is occupied. During summer, 
the shutters can be used to reflect heat off building. 



SOUTH FACING SECTION 



WEST 



EAST 



FIGURE d-3/7: 
SEASONAL POSITION 
OF SHUTTERS 





PLAN 




WINTER 



SUMMER 



WINTER 



SUMMER 



LEGEND FOR 
FIGURE d-3/6 
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d) Back draft damper automatically closes to prevent re- 
venue flow. 

Manually operated damper shown in heating cycle posi- 
tion, directing solar warmed air into the room. When 
in dotted position, air is discharged through this 
louver to the outside. 

Self-operating insulated flaps, automatically close 
to prevent reverse flow. 

Vent window. 

(§) Sliding glass window for ventilation can be moved be- 
hind translucent insulating panel (3) (shown dotted). 

Conventional convector. 

@ Entry for room air to be heated by thermo-siphoning 
collector and/or convector. 



Summary of 

Findings 1. Desirable characteristics of the building envelope 

are a high resistance to unwamted thermal transfer and an 
ability to utilize natural light, ventilation and solar 
heat when available and desired. 

2. Provide an average roof U-factor of 0.06. 

3. Provide an average wall U-factor of 0.15. 0.15 is the 
average of all wall, window and door surfaces based on the 
use of thermal shutters as follows: 



Opaque wall 


6h%, 


U 




0.06 = 


0.0381* 


Windows (thermal shutters closed) 




U 




0.30 a 


0.1050 


Doors 


1%, 


U 




0.6o = 


0.0060 












0,lk9k 










SAY: 


0.15 


Opaque wall 


6k%, 


U 




0.06 « 


0.0381* 


Windows (thermal shutters open) 


35%, 


U 




1.13 = 


0.3955 


Doors 


1%, 


U 




0.60 a 


0.0060 












O.U399 










SAY: 


0.1*1* 



Note: These factors are for walls with thermal shutters 
only . Overall wall thermal performance is to result in an 
average U-factor of 0.32 without requiring shutters. 

1*. Provide windows to permit natural lighting to be uti- 
lized for ambient lighting throughout ten-foot deep perimr 
eter zone. 

5. Provide insulated shutters at windows to prevent ex- 
cessive heat loss when the light transmitting properties of 
the glass are not required. 

6. Provide solar shading to prevent excessive heat gain 
when it is not desired. 

7. Provide an average U-factor of O.ll* for slabs between 
heated and unheated spaces. 

8. Provide slab on grade with vertical edge insulation 
with total average U-factor of 0.12. 



d-3/ll* 
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U# THERMAL MASS a) Evaluate advantages of low thermal mass construction 

during heating season. 

b) Evaluate advantages of high thermal mass construction 
during cooling season. 

c) Select high or low thermal mass approach based on trade- 
offs between a) and b) above evaluated throughout an en- 
tire operating season. 

Thermal mass refers to the heat storage capacity of the 
materials of a building. It is a characteristic that is in- 
dependent of the insulating quality of the structure. It is, 
in effect, an energy reservoir which delays the impact of 
energy input or outflow. This is due to the fact that a spe- 
cific quantity of energy will create a smaller temperature 
rise in a large mass than it will in a small mass. 

This characteristic of large thermal mass structures can 
serve a positive function in the summer by reducing the tem- 
perature rise in a building during the day by storing some 
of the heat and then releasing it at ni£^t. It can also 
serve a positive function during the winter, if the internal 
and solar heat gains are greater than the total heat loss. 
In this case, if the building had no thermal mass, the tem- 
perature would continue to rise above acceptable limits which 
would, in turn, require rejecting the excess heat to the out- 
side where it would be lost. Storing some of this heat with- 
in the structure permits the building to "coast" for a longer 
period after these heat gains have been removed. 

The drawback to high thermal mass occurs when a mechanical 
system is required to move a building's temperature from one 
level to another. Under these conditions, energy must be eysr 
pended to fill or empty this energy reservoir. Thi& ener^r 
is in excess of that which is required to heat or cool the 
air to the desired level, 



Definition of 
Thermal Mass 
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drk/2 The ability of a building to provide a predetermined ther- 

Thermal Mass mal environment in the face of widely varying exterior con- 

ditions is due In part to the thermal mass of the struc- 
ture, that is^ the capacity of the building to store heat 
energy at some set temperatwe. It must be stressed that 
thermal mass euid thermal resistance (insulation) are dis- 
tinct from each other. It is entirely possible to have a 
building with high insulation and low thermal mass. 

The contribution of thermal mass to energy conservation 
varies substantially with the interrelationship of use and 
exterior environmental cycles. The three examples (figures 
d-U/l, d-l*/3) shown indicate trends only and are not 

intended to show actual conditions. 

For the purpose of demonstration a school day from 9^00 AM 
to 3:00 PM is used. The assumed acceptable indoor tempera- 
ture range is 65^ F to 75^ F for winter, 60^ F to 80^ F 
for summer. Where the temperature level is being mechani- 
cally maintained, a highly responsive system is assumed 
which does not substantially over-supply its service. 



Example: Winter In the winter example, starting the cycle at 3:00 PM, heat- 

Characteristics ing plants are shut down and the buildings begin to cool.* 

With identical insulating properties, the initial heat 
flow is the same for both the high and low thermal mass 
buildings. The low thermal mass building however, will ex- 
perience more rapid ten^jerature drop due to the fact that 
it contains less heat. As the interior temperatures fall, 
the temperature differentials will also decrease (allowing 
for changing outside temperature) but that of the low ther- 
mal mass building will decrease more rapidly, resulting in 
a more rapidly decreasing rate of heat loss. Both buildings 
will continue to lose heat until heating plants are activa- 
ted in the morning. The amount of heat that must be intro^ 
duced to reach the minimum acceptable level will be the same 
as that lost during the night, plus that lost during the 




*It is actually current practice in NYC schools to shut 
down heating plants earlier. However, if the building is 
actually at minimum temperature and the heat loss is 
greater than the heat gain, heating must be provided as 
long as the school is in operation. What in fact happens 
is that schools tend to be somewhat overheated. The heat 
input from li^ts and occupants slows the temperature drop. 
Thus, if the building is heated five degrees above the 
minimum acceptable temperature, it will be some time after 
the heating plant is shut off before that minimum is 
reached. This permits end of day coasting while remaining 
within acceptable bounds. However, the over-heating pro- 
duces a temperature differential which is greater than 
necessary, which in turn increases heat loss. 



(i^>l4/3 heat-up period. Assutning plants of equal size, it will be 

Thermal Mass necessary to activate the system in the high thermal mass 

building earlier due to these factors; 



1. It has lost more heat durjng the night so more heat 
must be reintroduced. 



2. It is starting at a higher temperature, so the tempera- 
ture differential is greater resulting in a more rapid 
heat loss during heat-up period. 



3. The earlier start-up, resulting from the first two con- 
ditions, further delays the a.chievement of design tem- 
perature because as the building is heated, the tem- 
perature differential increases, increasing heat loss 
and decreasing the rate of tender ature gain. 



It may seem paradoxical that one building starting at a 
higher temperature than another takes more heat to achieve 
a similar end temperature; however, the following analogy 
may be useful. 

Buildings function as energy vessels. These may be 
considered as containers of water. The temperatures 
are represented by the levels., the heat loss is re- 
presented by leaks at the bottom of the containers, 
and the temperature differentials are represented by 
the height of the water above the leak (figure i^k/k). 
As the height of the water increases, the pressure 
on the leak increases and the flow of water increases. 
If the size of the holes in both containers is the 
same, the container having the higher water level 
will leak faster. If the two containers are filled 
to the same level and allowed to stand, they will be- 
gin leaking at the same rate; however, the smaller 
one*s level will fall faster thereby reducing the 
pressure on the leak and reducing the rate of flow. 
It can be seen that even though the level of the 
smaller container drops more rapidly, the actual 
water lost is less. If similar faucets represent 
the sources of heat needed to reestablish the origi- 
nal (daytime) temperatures, it can be seen that the 
large container will take longer to refill and that 
during the refilling time, the rate of loss will be 
increasing. 

In the original example, once the buildings achieve their 
minimum operating temperatures, the rate of heat loss will 
be the same for each with Just enough input to make up 
for the loss. The condition is analogous to the two con- 
Q tainers receiving water at the same rate as the loss. If 
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Thermal Mass 

Ten5)erature 

Analogy 



*d!iA they are at the same level, the input and output will be • 

Hhermal Mass the same. The flow will continue in this fashion until 

the systems are shut down at 3:00 PM which completes the 
dally cycle. 

As stated earlier, this dl^scussion is based on a situation 
where the internal and solar gains are less than the heat 
loss, requiring the input of mechanical heat. If these 
factors are greater than the loss, the picture changes. 
In this case, the temperatures will continue to rise with- 
out the input of the heating system. The temperature in 
the low thermal mass building will rise faster than that 
of the one with high thermal mass. As long as the tem- 
perature remains within the acceptable limits, it will be 
useful permitting the building to coast further when these 
heat sources are removed. In this case, however, the low 
thermal mass building will have the grealysr heat loss due 
to the higher temperature differential. If the tempera- 
tures exceed the acceptable conditions some heat will have 
to be discharged (the equivalent of letting water spill 
over the top of the container) and this is waste energy 
in the sense that it is available but not useful at the 
time it is available. 

Ihe summer situation is somewhat different, although re- 
lated. The analogy would be the same two containers, 
partially full and partially submerged in water (figures 
d-k/5 and d-h/6. 



Example: Summer 
Characteristics 



At 3:00 PM the buildings are cooler than the ambient air 
but since they are unoccupied, the temperatures are allow- 
ed to rise, the high thermal mass building rising more 
slowly. As the outside temperature drops below the build- 
ing temperature, the building temperatures drop; again, 
the one with hi^ thermal mass, more slowly. At some 
point in the morning, the outside temperature will again 
pass above those inside, and the inside teii5)eratures will 
begin to rise towards the pre-established limit. When 
they reach the limit, the cooling systems must be intro- 
duced if the limit is to be held. 

In the Water example, this would be represented by use of 
a pump which would remove enough water' to prevent its 
rising .above a preset level. It is possible that either 
the higi or low mass building mi^t reach this level 
first; however, once the level is reached, the rate of 
cooling required will be the same, since the rate of in- 
coming heat is a factor of temperature differential and 
insulation. 

Example: Spring During the spring and fall when outside temperatures range 
and Fall above and below the Inside temperature, the hlgji thermal 

Characteristics mass will have any advantage that may exist. Ihls la due 

to the stablllaing effect of the mass, 




Selection of To a Irrge degree, the thermal mass of a building is not 

High or Low subject to manipulation; however, there are choices in 

Uiennal Mass the selection of structure, closure, partitions and other 

systems • The determination of whether high or low thermal 
mass should be sought will be a function of the following: 



1. Local climate 



2* Site factors such as shading 
3. Acceptable (design) interior conditions 
Operating patterns and schedules 



Modification of There are, in addition to selection of building systems, 
Thermal Mass means of increasing thermal mass by introducing high mass 

material into the building envelope, lu some cases this 
material has been installed in such a way that it can be 
moved inside or out of the bioilding shell as the situation 
changes. This has been accomplished, for example, by the 
use of two sets of large tanks with connecting piping, one 
set inside the building and one set out. Vlhen weather and 
use conditions favor a high thermal mass, water fills the 
inside tanks* When low thermal mass is preferable, the 
water is punned to the outer set and stored. In addition i 
by shifting the water on a daily cycle, it is possible to 
collect heat on one side of the building skin and release 
it on the other. For example, in the summertime, water 
which is inside during the day will pick up heat from the 
building and store it at the inside temperature. At night, 
when outside temperatures fall below what the inside tem- 
perature had been, this water can be pumped to the outside 
tanks, where it will lose this heat to the air a::d night 
sky. In a system of this type, care must be taken to en- 
sure that the source fuel required to power pumps, control 
systems, etc. is less than that which would be used to 
achieve the same results by direct mechanical processes. 

The effective thermal mass can also be change *1 by use of 
materials (generally salts) which absorb or release large 
amounts of heat when they change state. These materials 
are able to store letrge amounts of energy at preselected 
temperatures using relatively small physical masses. 
Several other advantages also exist. 



Selecting a material which changes s"^;ate at a low tempera- 
ture will permit the storage of low temperature heat en- 
ergy. That is, a material which changes state at 78^ 
for example, can store energy from an 80° F environment 
and release it to a 76^ F environment. In practical terms, 
this could serve a double function. During heating 
seasons it would collect and store the excess heat energy 
from li^ts^ occupants, etc. which would tend to raise the 
interior temperature above acceptable limits and release 
d-l*/5 it before the temperature dropped below acceptable limits. 
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Thermal Mass 



During the cooling season, these salts would absorlj 
large quantities of energy, preventing the inside tem- 
peratures from exceeding desired limits and, if exposed 
to the outside, release this energy when ambient tempera- 
tures are about 7^*° F ( a condition frequently occurring 
during summer nights). The use of these salts in buildings 
is beginning to receive serious study. Although it is 
currently difficult to assess the feasibility of their use, 
it is possible that within the next six months, development 
and general availability will permit their inclusion. 



Summary of 
Findings 



1. The selection of structural, closure and partitioning 
systems will have an effect on thermal mass which is inde- 
pendent of thermal transmission characteristics, 

2. High thermal mass building will perform with less ' 
fuel use when outside temperatures swing above and below 
acceptable inside temperatures (summer). Low thermal mass 
building will perform better when outside temperatures re- 
main consistently above or below acceptable inside tempera^ 
tures (winter). In selecting one or the other, trade-offs 
between the seasonal difference must be weighed. 

3. The choice of high or low thermal mass construction 
will have to be evaluated at the time of actual building 
design, using a computer simulation reflecting actual 
scheduling, program, site, etc. 
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Thermal Mass 



FIGURE d-U/2 




THERMAL MASS 
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SUMMIR TEMPERATURE 
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FIGURE d-l*/3 

THERMAL MASS 

COMPARISON 

SPRING-FALL 

TEJilPERATURE 

PATTERN 
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3:00 PM 

Supplies Are Turned 
Off. Both Leak At 
Equal Rate* 





Midnight 

Supplies Still Off. 
'A' Has Greater 
Rate Of Loss Than 
'B' Due To Higher 
Level . 





5:00 AM 

Supply 'A' Is Turned 
On Full To Overcome 
Night Loss. 'A' Must 
Replace More Water 
Than 'B'. 



T:00 AM 

Supply 'B' Is Also 
Turned On Full. Both 
Supplies Are Re- 
placing Wight Loss. 
Rate of Loss From 
•A' Is Greater Than 
That of 'B'. 



O;00 AM 

^oth 'A' And 'B' 
Reach Operating 
Level. Supply Is At 
Maintenance Rate* 
Equals Ratf less. 



FIGURE d-h/h: 

THERMAL MASF; 
'•'INTER ANALOGY 





A 



ERIC 



HIGH 

THERMAL 

MASS 

CO 




Ft 



B • 

LOW 

THERMAL 
MASS 



Hiermal Mass 



3:00 PM 

Both Pumps Turned 
Off. Inside Levels 
Rise. 




6:30 PM 
Outside Level 
Dropped. Both In- 
side Levels Continue 
To Rise. 'B' Rises 
Faster, And Equals 
Outside Level. 




7:00 PM 

Outside Level Drop- 
ped, Equals 'A' And 
Is Lower Than 'B' . 
'B' Flows Outward. 




A B 

FIGURE d.l*/5: ^iqu i OW 

'^S^\^rl. 1 ^HiRMAL Thermal 

SUt4MER ANALOGY 1 (vlASS MASS 

er|c '^I 



Thermal Mass 



Midnight. 

Outside Level Con- 
tinues to Drop. In- 
side Levels Both 
Drop. 




9:30 AM 

Outside Level Rises, 
•B' Fills Up Faster 
Than 'A' And Reaches 
Maximum Acceptable 
Operating Level. 
Pump 'B' Starts Re- 
moving Water. 
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10:30 AM 

'A' Reaches Maximum 
Operating Level. 
Both Pumps Run at 
Same Rate to Main- 
tain this Maximum 
Level . 



FIGURE d-i+/6: 
THERMAL t^ASS 
SUMMER ANALOGY 2 
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HIGH 

THiRMAL 

MASS 



LOW 

THERMAL 
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SOLAR ENERGY ^ a) Utilize solar energy when available to perform functions 

that would normally require the commitment of fossil 
fuel or nuclear energy resources. 

b) Avoid unnecessary, unwanted heat loss, and heat gain, at 
the solar collector. 

c) Avoid unnecessary complexity in construction that would 
tend to result in a device which would not be executed 
as designed with a consequent loss in operating per- 
formance • 

d) Avoid unnecessary complexity in operation that would 
tend to prevent function as designed with a consequent 
loss in .operating performance. 

Most of the principles that lead to building forms that are 
responsive to natural forces take advantage of solar energy 
in one form or another. The use of prevailing winds for 
natural ventilation is a response to air movements caused 
by the differential solar heating of the earth's surface. 
The admission of winter sun for heating while screening out 
unwanted summer sun is a response to direct solar radiation 
and to changes in ambient conditions. The use of a build- 
ing's mass to absorb the sim's heat during the day and to re- 
lease it at night serves the dual function of limiting maxi- 
mum daytime temperatures during ihe hot seasons and minimum 
nighttime temperatures during cold seasons. The use of 
daylight for task illumination within a building employs 
the visible light of solar energy in place of the 
fuel which would otherwise be required to generate the 
electricity for lighting. 

^Section prepared with assistance of TOTAL ENVIRONMENTAL 
ACTION (TEA), Harrisville, New Hampshire. Portion on '*In- 
solation Quantities" was extracted from TEA'S solar energy 
feasibility study prepared for this report. 
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This section deals primarily with the use of the radiant 
energy from the sun. The effects of wind on building and 
system design are discussed in *Cooling% (section d-8) 
and 'Ventilation', (section d-9)* The effects of building 
mass on interior environments are covered in 'Thermal 
Mass', (section d-U). The direct use of solar radiatipn is 
to some extent limited by the necessity to use the energy 
immediately and at the point of introduction, and by the 
difficulty of storing it. Techniques have been developed 
which widen the applicability of sol r energy. Most com- 
monly, solar energy is introduced into a transfer medium 
such as air or water and distributed to areas remote from 
the collection point. 

Heat Storage Since the availability of solar energy at any loc&l spot is 

somewhat unpredictable, particularly in the New York area, 
provisions must be made either to store energy from the 
sun or to provide alternative sources when solar ener^ is 
not available. 

Storage of energy requires that a reservoir of desired ca- 
pacity exist. This reservoir may store energy in any of a 
number of forms; however, heat is the simplest and most 
common. The direct storage of heat requires a considerable 
mass of the storage medium, varying according to the ther- 
mal mass of the medium. For example, for water to store 
the energy equivalent of burning one gallon of #6 oil, it 
, would be necessary to raise the temperature of one hundred 
seventy- five gallons of water 100^ F. To put it differ- 
ently, a school which relies on a boiler with a 60 gallon 
per hour burner would require a water storage tank of 
10,000 gallons to store one hour's worth of heat at a 
100^ F water temperature differential. 

Considering the difficulties presented by storage require- 
ments, it seems desirable that where solar energy is to be 
used, it be used as a supplemental energy source to reduce 
fossil fuel demand. Methods of utilization will have to be 
compatible with the prime source and must have a cost which 
reflects the limited output. 

Greenhouse Effect Most forms of solar collection are based on utilization of 

the so-called greenhouse effect. This is due to the fact 
that glass has a high transmission rate of short wave en- 
ergy (solar radiation) and a high resistance to long wave 
energy (heat). Thus, solar radiation is freely transmit- 
ted through glass and strikes an absorbing body where it is 
converted to heat. The hot body then radiates heat back 
toward the glass. The long wave energy is contained, pre- 
venting most of the reradiation from leaving the collector. 
A transfer medium, usually either water or air, is used to 
take the energy from the point of collection to the point 
of use. 



Solar Energy 



Several means for solar collection using complex 



Solar Energy 



Bio-Conversion 



Collector lypes 



technology are currently in existence. Focusing collectors 
use reflectors or lenses to concentnte the sun's rays on 
to the heat transfer medium. They have the advantage of 
being able to achieve temperatures in excess of 1,000° F, 
but their capture only the direct rays of the sun and must 
be constantly aimed in order to achieve maximum efficiency. 
Various forms of photo cells convert solar energy directly 
into electrical energy. These cells have very low conver- 
tion efficiencies at present. Both approaches are curr- 
ently extremely expensive, and as such, will not be con- 
sidered for this study. However, since this is a new area 
of research and development, they should be borne in mind 
for future application should the cost factors change. 

Another area of solar collection is in bio-conversion. 
This approach takes th^^ natural process of photo-synthesis 
to develop organic energy sources from solar radiation. 
It is currently applicable primarily on either a very small 
or very large scale, not on the level of an individual 
school except that heat generating machines may at some 
future time be fueled by organic substances such as alcohol 
or methane rather than fossil fuels. 

This study will, therefore, examine three basic collector 
types and several functions for which the energy can be 
used: 



Flat Plate 
Collectors 



Windows 



Flat Plate Water 
Collector 
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1. Flat plate with water transfer medium 

2. Flat plate with air transfer mediuti 

3. Windows 

The two flat plate collectors capture energy in the form 
of heat. Therefore, requirements must be found within the 
school for heat energy. These are limited primarily to 
space heating which is seasonal and domestic hot water 
which is a year round requirement. In addition, absorp- 
tion units can be used to convert heat energy into cooling 
although at this time, the output temperatures from flat 
plate collectors are marginal for use in absorption 
machines . 

Windows capture solar radiation in the form of heat and of 
light which eventually becomes heat. In this way, when 
heat is desirable, the energy is in effect used twice. 
Normally, however, the limitation in the use of windows 
for solar capture is that the energy is limited to one 
area of the building. 

This device is basically one or more sheets of glass cover- 
ing an insulated space backed with a radiation absorbing 
surface and some means of passing water through or across 
this surface to remove heat energy to be used at some re- 
mote location, l-his is generally done by providing chan- 
nels for water integrally with the back plate (either by 
soldering tubing to the plate or, forming the plate with 
integral internal routes) or jjisrmltting water to run across 
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Solar Energy 



Hept Pump 
Supplement 



the face of the back plate and collecting the heated water 
in a reservoir at the bottom of the collector. Some more 
complex collectors have been built with an assembly simi- 
lar to an automobile radiator where water carrying tubes 
pass through fins increasing the capability to absorb heat. 
Temperatures in flat plate collectors may reach 350 F or 
higher however, the effective output temperatures are con- 
siderably lower with greatest efficiency occurring at the 
lowest output temperatures . This is due to (l) increased flow 
of heat energy into the transfer medium when the tempera- 
ture differential between the collector and the medium is 
greatest and (2) to the decreased flow between the system 
and the ambient environment when the temperature differen- 
tial is least. An output temperature of ll*0 F is a good 
working figure that can achieve relatively high efficiency 
(about U0%) with simple collectors. 

Water at this temperature cannot be introduced into a con- 
ventional hot water heating system. One method of utiliz- 
ing it is to increase its temperature by means of a heat 
pump. This method- of heating requires a large number of 
complex components. In addition, due to the ratio of fuel 
input to electrical output, the actual fuel requirement for 
the system may, in fact, be higher than for the direct use 
of fossil fuel. 

Heat pump performance is described as the 
amount of heat energy pumped versus the amr- 
ount of energy required to do the work of 
pumping. An efficiency of 2^ to 3 is common. 
At an efficiency of 3, for example, for every 
kwh (3,1*12 btu) consumed by pump, it would 
create a temperature change that woiild per- 
mit 10,236 btu to be taken from the low tem- 
perature medium and delivered to another 
medium at a usable high temperature. Curr- 
ent electricity generating practices in this 
area require about 13,650 btu/delivered kwh. 
Therefore, extracting 10,236 btu from a solar 
system utilizing a hen.t pump requires 13,650 
btu input at the generating station (at this 
point mostly fossil fuel) or an efficiency of 
755g. This form of "solar heating" has, in 
fact, a fossil fuel utilization rate not much 
different from a well-run conventional heat- 
ing plant. For these reasons, it seems an 
unwise choice. 

This low temperature water could also be used to preheat 
domestic hot water from street main temperatures (about 50° 
F to 100° F) prior to fossil fuel heating, to preheat incom- 
ing ventilation air, or in radiant heating systems in floors 
or ceilings. 
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Pre-heating of Domestic hot water appears to account for the use of about 
Domestic Hot Water 10% of the fuel oil used annually in NYC schools or about 

50 gallons of oil/msf/yr. If this is the case and half of 
this could be saved by solar pre-heating, the potential for 
saving 25 gallons of oil/msf/yr seems feasible. Assuming 
a 200 day operating year, this would require the input of 
an average of 10,875 btu/msf/day. 

(25 gallons of oil/yr x 11^5,000 btu/gal x .60 efficiency ) 

200 days/yr 

Using figure d-5/5 (Insolation on South- lacing Surfaces), 
we find an average of 920 btu/sf/day falling on a 60 degree 
tilted collector in December. If the collector were hO% 
efficient, we could expect about 370 btu/sf/day output or 
a requirement of 30 sf of collector to pre-heat the water 
for 1,000 sf of building area. In this case, however, for 
most of the year, the output of the collector would not be 
used to full capacity. 

If, instead, the system were designed to meet full demand 
when insolation was 1,200 btu/sf/day (around April), at 
hO% the output would be kQO btu/sf/day. This would require 
23 sf of collector /msf. Again, (figure d-5/5) this would 
provide all the heat required for all months except Novem- 
ber, December, January and February, in which months they 
would provide Q0%, 11%, bl% and 91% of the total require- 
ment. The average capability, talcing the other months at 
100^ would be 9^.5% or, instead of saving about 25 gallons/ 
yr, the savings would be 23.6 gallons/yr. Thus, a reduc- 
tion in collector area of 23^ causes a reduction in effec- 
tive output of only S%. 

At current prices, 23.6 gallons cost about $8.25. Current 
manufactured collectors cost in the range of $10 to $15 
per sf installed, or $230 to $3it5 for 23 sf. This makes 
the installation of such a system on a purely economic 
basis highly questionable. This is based on today's fuel 
prices. Although it is difficult to predict price trends, 
virtually all informed sources expect a minimum of a 10 
percent per year escalation rate for the forseeable future 
and some expect long term rates as high as 25 percent. If 
the escalation rates are only 10 percent, the average cost 
over a twenty year period for oil will be almost exactly 
$1.00/gallon. If, at the time of construction the cost of 
collectors is $10 per square foot, the factors under con- 
sideration will be a $230 in- estment to achieve a $23. 60 
annual savings. If financing costs are 6 percent, the pay 
back time will be about l6 years, at 7 percent it will be 
about 18 years and at 8 percent it will be about 21 years. 
As a study and testing device, a solar collector (20-25 sf 
collector area per msf floor area) to pre-heat domestic hot 
water seems to be a worthwhile installation. This item 
would add an estimated $0.25/sf to the initial cost of the 
building. 
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It should be noted that the possibility exists for defray- 
ing all or part of the cost of solar installations through 
subsidies for research in this area. Tl-iis is especially 
true of this project since it will be carefully instru- 
mented and its performance monitored. 

There are a number of ways in which solar energy is used 
passively. Many are unconsciously installed in conven- 
tional building procedure. Windows capture light and heat 
although in general, somewhat indiscriminately. Tlie 
simplest form of collector specifically designed to cap- 
ture heat is the thermo-si phoning panel. This panel is 
composed of a transparent cover plate, an air space, and a 
solar radiation absorbing back plate with openings at the 
top and bottom. Solar radiation heats the back plate, 
which in turn heats the air in the air space. This air 
rises and is discharged out of the top opening creating a 
lower pressure in the air space. This in turn brings air 
in through the bottom opening. As the heated air in the 
room cools, it falls and is reintroduced into the panel in 
a continuous operation. The basic panel has no moving 
parts and will supplement any conventional heating system 
whenever the temperature in the collector is greater than 
the room temperature. 

Thermo-Siphoning Tliere are two basic problems with thermo-siphoning collec- 
Efficiency tors. First, their efficiency is low compared to other 

types. Around 20% of the solar energy falling on them is 
delivered as heat. This is due to the relatively small 
amount of thermal mass available for heat transfer repre- 
sented by the air which is moved through the collector by 
convection. The second problem is that when the tempera- 
ture in the collector falls below that in the room, the 
device works in reverse. This can be overcome by using 
check dampers (figure d-5/2). 

Thermo-siphoning collectors can, with relative ease, be in- 
tegrated into building walls. In this case, the orientation 
of the building has an obvious effect on the performance of 
the system. The variation between south and southeast or 
southwest exposures is about 1: 0.75 (figure d-5/7). Assime, 
for example, a south exposure wall. The incident solar en- 
ergy during the heating season is about l65,000 btu/sf (fig- 
ure d-5/7). If a thermo-siphoning collector operates at 20% 
efficiency, this provides 33,000 btu/sf /season. If the sys- 
tem is totally passive, this will function even when the 
school is unoccupied and will serve to reduce the start-up 
heating loads after weekends and vacations. About 0.1+ gallons 
of oil would be consumed by a boiler to produce the amount of 
heat that could be provided by one square foot of solar col- 
lector during the heating season. 

The design for a typical thermo-siphoning wall assembly is 
included in this report (section d-3) along with evalua- 
tions and recommendations . 
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Collectors 



Daily Heating 
Efficiency for 
Single-Glazed 
Windows 



This section will evaluate windows as solar collectors only 
in terms of applications of solar radiation althoufiji the 
use of open windows to augment base ventilation levels con- 
stitutes an indirect use of solar energy (section d-9). 

l-he prime drawback of windows is that glass has poor resis- 
tffir.ee to thermal conduction. As a result, during cold 
t/eather, a substantial amount of heat is lost to the out- 
side even though there is also considerable solar gain. 
The trade-offs of the conducted loss versus the desirable, 
gains were mude with the following results: 

1. On a seasonal basis, single-glazed windows on south, 
southeast and southwest exposures reduce overall heating 
loads. Double-glazed windows on east and west exposures 
eLLso reduce heating load. 

2. Solar lijjiting in itself will result in a reduction of 
source fuel use on any exposure if provided by windows with 
adequate thermal shutters. 

*The term "thermal shutters" will be used to de- 
scribe all devices that can be closed to reduce 
heat transfer between inside and out, such as 
louvers, dampers, rolladen, sliding panels and 
insulating draperies. 

3. The cooling load usually associated with soler heat gain 
through glass during warm reasons is no greater than the 
load created by providing the same amount of light using 
fluorescent fixtures. 

k. Trade-offs between advantages and disadvantages of win- 
dows in specific situations must be individually analyzed. 
It is important in these analyses to recognize all of the 
positive aspects of windows to the overall energy use picture. 

The efficiency of a window as a heating solar collector can 
be described as the ratio of the solar radiation transmitted 
by the glass to the interior less the heat lost by conduc- 
tion to the exterior divided by the total incident solar 
radiation. 

Daily £ « R^^ - 2k{}At 

where E « Efficiency 

R^l Transmitted solar radiation (daily) 
R^J Incident solar radiation (daily) 
U a "U" factor of window assembly 
^t" Temperature differential 
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day as At and Ri^vary acco-ding to local weather conditions; 
however, it is useful to look at a typical example to see 
the general energy flow patterns. Average daily insolation 
on a south- facing window in January is about 850 btu/sf 
(figures d-5/5 and d-5/7). Assume an average At for a 2k 
hour period of 1*0° F, a transmittance for the glass of 90% 
(single- glazed), and a U- factor of 1.15. 

E = ( 0.9)(850) - 2h (1.15)('*0 ) 
850 



Seasonal Heating 
Efficiency for 
Slngle'-Glazed 
Windows 



E = - 

This indicates that more heat is lost by conduction than is 
gained from the suri. 

This ratio is for a situation at the extreme end of the 
heating season. The efficiency on a seasonal basis is 
quite different. 

Seasonal E = - 2^ D tg 
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^is 

where R^g = Transmitted soDar radiation (seasonal) 
= Incident solar radiation (seasonal) 

is 

r ~ Days in heating season 

Atg = Average seasonal temperature differential 

Note: In q school with night shutdown, the average At will 
be somewhat less than the differential between design in- 
terior and average outside temperatures due to cooler 
ni^ttime temperatures. On the basis of this and a l4,800 
degree day season, take At to be 22° F. 

Seasonal E = ( 0.9)(l65,000) - 2h (l82 ) (l.l5 ) (22 ) 

165,000 

Seasonal E = 23% for south-facing window 

Seasonal E = ( 0.9)(137.000) - 2h (l82) (1.15)(22 ) 

137,000 

Seasonal E = 95? for southeast or southwest facing windows 

Seasonal E « ( 0.9)(92,000) - 2h (l82)(l.l5)(22 ) 

92,000 

Seasonal E = -305? for east or west exposures 

Two ways in which the efficiency of a window as a solar 
collector can be improved are (l) double-glazing and (2) 
thermal shutters. Both of these act to reduce the logs of 
enerar due to conduction. The following examples refer to 

70 



Daily Heating 
Efficiency for 
Double-Glazed 
Windows 



Daily Heating 
Efficiency for 
Windows with 

Thermal Shutters 



the original situation described whereat « 1^0° P. 

Pouble-Glazing (South Exposure) 

E s - 2h (U)(a t) 
R 

E = ( 0.80)(850)-2l» (0.67)(1»0 ) 
850 

E = k% 

This, although small, indicates a positive net heat gain 
even during a relatively extreme heating situation. 

Thermal Shutters with Single-Glazing (South Exposure) 
Since this device is nbt entirely passive, some basic 
assximptions will have to be made regarding scheduling. 

1. School operates 5 days/wk. 

2. Shutters will be open from 9 AM to 5 PM when school is 
in use. 

3. Outside tenqperature will be 15 degrees warmer during 
the time that shutters are open than when they are 
closed. 



Then: 
E = R. 



- [5/7(H^)(UjAti + 5/7(H^)(U^)At2+2/7(2U)(Uc)At3] 
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Where: = 

He ^ 

Uo = 

Uc = 
At^ = 

A tg = 



E 



Hours/day shutters open when school is in use. 

Hours/day shutters closed when school is in use, 

"U" factoi with the shutters open, 

"U" factor with the shutters closed. 

Temperature differential for portion of day 
with shutters open when school is in use. 

Temperature differential for portion of day 
with shutters closed when school is in use. 

Average temperature differential on days when 
school is closed. 



= ^(0.9)(850)-[^(8)(l.l5)(33)+^(l6)(0.l)(U8)+|(2M(0.l)(UQ )] 

850 ^ 



E = 29^ 

Using the preceeding approaches, similar savings can be 
realized for seasonal efficiencies. It should be pointed 
out that these figures are relative and should not be 
taicen as design factors. 



Solar Lighting The use of windows as solar collectors for light is also 

significant. If one assumes even the relatively low fig- 
ure of 1.5 w/sf for energy required for lighting, the fol- 
lowing situations occur. 

.Electricity Savings A five foot high window with a sill three feet above the 
from Natural Light- floor can, under most daylight conditions, provide light 
ing versus Heat ten feet into a room. Thus, 5 sf of window area lights 10 
Loss from Glass sf of floor area for about 6 hours/day on the average. In 

a 200- day operating year, 5 sf of glass provides the light 

that would otherwise require 

El^ = (T) (D) (A^) (L) 



^1 




Electricity for lighting 


T 




Hours /day lights are used 


D 




Days/yr of school 






Floor area under construction 


1 




Lighting load (w/sf) 


^1 




(6) (200) (10) (1.5) 






18,000 w/yr 






lO kwh/yr Electricity Saved 



The seasonal conducted heat losses (L) for ^ s*^ of glass 
are: 

For single and double glass 

L = Ag5/7(T^p)(l82)(U)At^ -H 5/7(Tgj^)(l82)(U)A tg 

2n{2h)(ie2)i\})^t^ 

Where A = Area of glass 
g 

T = Hours of plant operation in days when school is 
^ in use. 

T^j^ = Hours with plant shut down on days when school 
is in use. 

At- « Daytime temperature differential 

^ (68^F - Ua^F = 20<^F) 

A tp « Nighttime temperature differential on days when 
plant is shut down. (53^F - 33°F = 20^?) 

Z^t = Average temperature differential on days when 
^ plant is shut down. (53^F - UO^P « 13^F) 

Note: Assume interior temperature falls 15^ F during plant 
shutdown period. 
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|(2M(l82)(UjAt_l 
Consider heating plant and shutter operation Schedoles to 
be coordinated: 

Heat loss for single Rlass 



L = 5[^(8)(182)(1.15)(20) + |(l6)v'l82)(l.l5)(20; + 

|(2M(182)(1.15)(13)] 

L = 1*52,000 btu/yr 

Heat loss for double glass 

L - 5^{B){lQ2)i.6l)(20) + ^(16)(182)(.67)(20) + 

|(2M(182)(.67)(13)] 

L - 263,000 btu/yr 

Heat loss for thermal shutters vith single glass 
L = 5[f(8)(l82)(l.l5).(20) + |(l6)(l82)(0.l)(20) + 

|(2U)(l82)(0.l)(l3)j 

L s 11*8,000 btu/yr 

Energy input required to make up heat losses If these 
losses are made up by a system with 6o% efficiency: 

753,000 btu for single glass 

1*38,000 btu for double glass 

21*7,000 btu for thermal shutters 

An opaque wall with a U-f actor of 0.1 would have a seasonal 
heat loss of about 36,000 btu for the same 5 square feet 
which would require an added input of 60,000 btu. The 
added heat loss during the winter season resulting from the 
vise of natural lighting is: 

693,000 btu for single glass 

378,000 btu for double glass 

187,000 btu for thermal shutters 
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These figures can be compared with the energy required to 
generate the required lifziitin«: 2U6,000 btu to stenerate 
18 kwh (local heat rate of 12,1*00 btu/kwh + 10% transmis- 
sion loss). 

When the other positive energy characteristics of windows 
are also taken into account, the net result is to reduce 
the total source fuel by the selective use of windows. 

jfefeout 25 percent of the energy in solar radiation striking 
the earth's surface falls within the visible spectrum. If 
'^he entire solar spectrum is introduced into an environ- 
ment to provide lighting, the heat gain for any light level 
will %e the same as for a system which, within the space, 
is 25 percent efficient. A fluorescent light fixture is 
about gf percent efficient in converting electric energy 
into visible light, so for any given light level, the heat 
gain characteristics of solar and fluorescent fixtures will 
be about the same. If a filter is provided which permits 
the passage only of the visible spectrum and absorbs the 
remaining radiant energy, the resulting heat can be channel- 
ed to areas where it is needed or discharged to the outside. 

On the basis of the preceeding data, we recommend that the 
following direct applications of solar energy be utilized 
in the prototype building: 

1. Provide a flat plate water solar collector supplying 
a heat exchanger to preheat domestic hot water. Careful 
metering of this system will provide data to permit more 
accurate evaluation of solar energy systems in the New 
York City area. 

2. Provide passive thermo-siphoning wall panels (may be 
installed selectively for comparison and evaluation) for 
heating as described in 'Building Skin' (section d-3). 

In addition, the entire building must be carefully evalua- 
ted as a solar collector. 
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FIGURE d-5/ls 
SOLAR PRB-HEATER 
FOR DOMESTIC HOT 
WATER (FLAT PLATE, 
WATER-MEDIUM 
COLLECTOR) 
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1. AIR IN COLLECTOR IS WAPPEO BV 
CONTACT WITH SOLAR HEATED PLATE. 
WARM AIR RISES AND FLOWS INTO 
ROOM. DRAWING COOLER AIR FROM 
BELOW. 

2. WHEN NO SOUR RADIATION IS 
MAILABLE, AIR IN COLLECTOR IS 
COOLED BY CONDUCTION THROUGH 
GLASS TO COOLER OUTSIDE AIR. THIS 
CAUSES AIR IN COLLECTOR TO DROP, 
RESULTING IN A REVERSE AIR FLOW, 
INTRODUCING COLD AIR INTO THE 
ROOM. 

3. TO PREVENT REVERSE AIR FLOW, 
CHECK DAMPERS CAN BE PROVIDED 
WHICH PERMIT AIR CIRCULATION ONLY 
DURING SOLAR INPUT. 



2 
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FIGURE d-5/2: 
SOLAR SPACE HEATER 
(/UT PLATE, AIR- 
MEDIUM, THERMO- SIPH- 
ONING COLLECTOR) T''f> 
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Study prepared for this report by Total Environmental Act- 
ion (tea) 



Weather and 

Collector 

Performance 



Types of Weather 
Data 



The two most important facte 's in analyzing the performance 
of collectors as a function of weather, are temperature (in 
most cases using degree days) and solar radiation (measured 
in btu's per square foot per time period). When working 
with and designing with natural energy systems, it is im- 
portant to realize that since weather conditions vary 
greatly from hour to hour and day to day, monthly and yearly, 
a system designed for averages may not perform according to 
expectations when the system is used during a period of non- 
average conditions. In addition, solar data are very diffi- 
cult to obtain, both because of the imprecise instruments 
which have been used for the last 20 or 30 years to measure 
solar radiation, and also because of the rather small number 
of weather stations (approximately 75 in the United States) 
which measure solar radiation (as with temperature, this 
varies greatly from one location to another although the 
distances may be small between those locations). Because of 
the unpredictable availability of solar energy, the use of 
the sun's energy must be looked upon, with today's design 
parameters, as a bonus or supplement to other sources of 
energy. It is possible that, in the future the wide fluctu- 
ations in solar energy may be more easily dealt with through 
the use of very long-term storage systems. 

Precise calculations of solar weather are less important 
than is usually assumed since variations in solar radiation 
of say 10^ change overall efficiency of a solar system as 
little as 3% out of a total overall efficiency of hO%. In 
addition, the collectors will not always be running when 
the sun is shining for a number of reasons, not the least 
of which is that there are times when the sun is shining and 
heat is simply not needed. Other times are during early 
morning and late evening when the sun's intensity is not 
great enough to be collected and when the angle of the sun's 
rays to the collectors is so low most of the sun is re- 
flected off of the panel. Yet other times are during partly 
sunny periods when clouds break only for short times. 
During the course of a six-month heating season, approxi- 
mately 25^ of the total solar radiation which hits the 
collector will hit it when the system io not in operation. 

Finding and using weather data for solar energy utilization 
design is not an easy task. There are several types of 
data available, but none are directly suited to needs of 
solar heat design, and there are no easy methods to convert 
the data to more useable forms. We have compiled data from 
several different sources, and have done some of our own 
computations to derive further data. These data are listed 
in figures d.5/3, d-5/1^, d-5/5, d-5/7. This 
discussion deals with the meaning and usefulness of these 
various data types. 
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Probably the most accessible data are the ASHRAE Solar Heat 
fi 1 En "ffv ^^^^ Factors (SHGF), taken from their Handbook of Fundament 

50 ar rgy tals > These factors are based on theoretical calculations 

of radiation, and are designed primarily for the sizing of 
cooling equipment; they are not as useable as it might first 
appear. SHGF*s assume: (l) a typical cloudless day on the 
21st of the month (conversion must be made for higher or 
lower clearness locations such as high altitude or indust^ 
rial atmospheres) and (2) transmission of heat through a 
single pane of double strength glass (with a particular 
specified transmittance, reflectance, and absorptance) . 
SHGF*s take into account for any particular orientation ♦ 
direct solar radiation, diffuse sky radiation, solar angle, 
and ground reflectivity. ASHRAE uses them to determine 
time and magnitude of maximum heat gain for computing 
maximum cooling load in buildings. This necessitates pick- 
ing the maximum hour. Used in this way, SHGF*s are invalu- 
able. They can also give a useful value for whole day solar 
heat gain on any given latitude, month, and orientation. 
Beyond that, however, their usefulness is limited. For 
example, there is no accurate way to take the SHGF for a 
day and convert it into a monthly or yearly heat gain. 
Times and amounts of cloudiness are much too variable for 
this to be done with ar^r confidence. Other data must be 
used in predicting longer term expectations from the sun. 

The most accessible data from the Weather Bureau, in terms 
of number of stations taking readings over long time periods 
is sunshine and cloudiness data. For stations recording 
sunshine, a machine records minutes dvirjLng the day when 
there is enough sunshine to essentially cagt a g|:^|4^y^ 
is recorded as houi's of aUUihitt^^ attd J)ercent of possible 
sunshine. Cloudiness is recorded hourly, from sunrise to 
sunset, in tenths of the sky covered. These readings are 
averaged to give an overall cloudiness figure. Both sun- 
shine and cloudiness data are of limited useability in 
determining solar insolation over time because the rate of 
insolation is so variable, depending on time of day. 
Neither sunshine nor cloudiness data say anything about 
distribution during the day, so estimates based on them 
will at best be approximate, and at worst totally misleading 

The most useable form of data, speaking on a strictly 
relative scale, is solar radiation data from the weather 
bureau. They have long-term reports of radiation on a 
horizontal surface measured in Langleys (cal. cm. "2). 
The number of stations recording this data is limited to 
about 75 (only kO stations appear in some of the long-term 
summaries), and there are mafiy problems of calibration and 
accuracy, so many that the weather bureau stopped publish- 
ing radiation data summaries in 1972. The data does, how- 
ever, provide the only hard information on what actually 
gets through the atmosphere in useable f^rm, arid the long- 
term ffieans are probably the most accurate indications of 
how much energy is available in recording locations under 
Q average conditions (which may not necessarily be common 



conditions). 

Solar Energy 

For solar radiation data to be useable for solar heating 
calculations, it must be converted from the horizontal 
(where the data was recorded), to the azimuth and tilt of 
the intended collection surface. The recorded data is a 
combination of direct solar radiation and diffuse sky 
radiation. It is a simple matter of trigonometry to con- 
vert the direct radiation into the component striking a 
surface at any given angle relative to the sm. This 
calculation depends on latitude, solar altitude and azimuth, 
collector orientation and tilt. The real problem is to 
separate out the diffuse radiation, which comes from the 
entire sky» The diffuse component ranges anywhere from 
10% to 23% of the total, so it cannot be ignored. 

Another factor that must be -dealt with in these calculations 
is the energy reflected up from the ground and from build- 
ings. Obviously, the steeper the tilt, the more significant 
this factor. Likewise, ground reflectance can vary consider-- 
ably, from vegetation to white snow* 

It is clear then that solar radiation data for heating 
design depends heavily on consideration of compass orienta- 
tion, surface tilt, the ratio of diffuse to direct radia- 
tion, ground reflection, and how these all vary with time. 
It will also be obvious that the conclusions are still 
approximate due to inaccuracy of the data and variability 
of* many factors. There are several methods of dealing with 
these factors, some more complicated than others • What 
follows is a somewhat simplified method which we feel gives 
reasonable accuracy within the limits of general discussion 
for New York City. 

Insolation on The basis of our computations for actual solar insolation 

various surfaces was Weather Bureau data on mean daily solar radiation on a 

horizontal surface for each month: 

MONTHLY AVERAGE DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE 
btti/day/ft2 New York, New York Lat. 1*0^U6»N. 

JAU FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
5^+0 791 1180 lk26 1738 199I* 1939 1606 1350 978 598 1*76 



Sources LIU & JORDAN (see pag^ d-5/l9) 

Data is recorded in Central Park which is probably reason- 
ably representative for the entire city* Areas of clearer 
air would get better values, 8,nd hea'^^ily polluted or foggy 
areas less. There is, however, no actual data with which 
to make meaningful adjustments* 

These data differ from the theoretical, clear data which are 
the basis for solar heat gain factors (SHGF^s) in ASHPAE. 
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d"'^/l8 Our analysis takes into account, by averaging actual read- 

Solar Energy ings over time such factors as cloudiness, air pollution, 

and haze. Though this is a generalized consideration, it 
provides a much better basis for making longer term computa- 
tions than is possible with the SHGF's. 

The first step in computation for vertical walls at various 
orientations was to separate out the diffuse component of 
the total radiation received. Our source for this* provides 
curves for the ratio of total and diffuse radiation for 
times on either side of solar noon (plus & minus^ 1/2 hour, 
Ih hours, 2^5 hours, 3h hours, hours, 3h hours, and 6h 
hours). We calculated for the l6th day of each month (l5th in 
Feb.) as a more representative day than the 21st day used 
by ASHRAE. We were able, by this means, to account for the 
changing length of days and, in a general way, for the sky 
conditions that create the diffuse component. This is at 
best an approximation, but is a reasonable one since it is 
considered valid for any location and is close to actual 
conditions. The diffuse component is a small part of the 
total, so a reasonably close approximation such as this 
won't seriously affect the overall accuracy. 

The diffuse component is subtracted from the total to get 
the direct component on an hourly basis. By trigonometry, 
which takes into account the hour, angle, latitude, solar 
altitude, and solar azimuth, along with the tilt and orien- 
tation of the surface in question, we were able/ to arrive 
at the hourly values for direct solar insolation on various 
surfaces throughout the day. The diffuse component was 
treated as if sky radiation was uniform across; the sky* 
For vertical walls, then, one-half of the sky Is "visible** 
to the wall. Likewise, reflected radiation w^s treated as 
uniform from all directions. If half of the possible 
ground is assumed to be 'Visible,*' and the ground has a 
reflectivity of 0.2 (average value), one tenth of the total 
radiation is reflected on the wall. 

These values for diffuse and reflected energy were added to 
the adjusted direct component values to give hourly values 
for various months and orientations. A simple siommation 
for the day gives the expected average gain on vertical 
surfaces. These values were then plotted. 



Computation for variously tilted, south-facing collectors 
was somewhat different. Using well-established ratios of 
diffuse to daily total radiation, based on the ratio of 
measured radiation to extra terrestrial radiation*, we were 
able to determine the direct component of the mean daily 
radiation. Through trigonometric conversion, which took 
into account the changing sun angle throughout the day and 
the collector tilt, we adjusted the direct component for 
variously tilted south-facing surfaces. 
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The diffuse component for the day was adjusted for the 



d«>3/19 reduced portion of the sky that* the tilted surface could 

Solar Energy "see." The reflected component was likewise adjusted for 

the reduced portion of the ground affecting the collector* 
These were added to the adjusted direct component, giving 
mean daily insolation on the collector surfaces in question* 
The plots and tables of these data are the figiires d-5/5 
and d-5/6 of this section. 

All of these values may, with reasonable confidence, be 
multiplied by the number of days in a given month to obtain 
a mean expectable solar insolation on the surface in v^^ues- 
tion. Actual energy received can vary considerably, due 
to the extreme inconsistency of the weather not only day 
to day, but year to year. In any case, our computations 
yield data much more useable for solar energy collection 
analysis than the SHGF's, 

Compiled Weather The following sources have been used in the preparation of 
Data the tables which are included in this report: 

1. Hourly solar radiation data for every hour of every day 
for the Central Park Station in New York City from Decem- 
ber 1968, through November, 1973. The data is given in 
Langleys of radiation on a horizontal surface and includes 
both direct and diffuse radiation. No totals of any kind 
are included, either daily or monthly c 

2. A paper called SUNSHINE AND CLOUDINESS AT SELECTED 
STATIONS IN THE UNITED STATES, ALASKA, HAWAII & PUERTO RICO 
which gives sunshine and cloudiness data for about hO 
stations including New York City. Included for New York is 
a 5l*-year average of the number of hours, and th3 percentage 
of possible sunshine. It gives this information for each 
month of the year and an annual total. It alao gives average 
cloudiness in numbers ranging from 0-10, for all the 
stations, and for New York City for 57 years previous to 
191*8. Averages are by month and include an annual average. 
Also for the kO stations, including an average over 77 years 
in New York City previous to 19^*8, it gives the average 
number of clear, partly clouay and cloudy dayp for each 
month of the year and an annual total* 

3. CLIMATOLOGICAL DATA NATIONAL SUMT^ARY for January and 
July, 1971 and 1972. These are available for all months 
of the year, and contain: (a) Percentage of possible oxm*- 
shine, showing the amoiints of sunshine received in terms of 



t 

^Data are based on ^^Availability of Solar Energy for Flat- 
Plate Solar Heat Collectors^* , by Benjamin Y. H. Liu and 
Richard C. Jordan, in Low Temperaturg , Engineering AppllQa'^ 
tion of Solar Energy , by ASPKAE, New York, New York 
Our computations are somewhat simplified for their methods* 



d>->5/20 percentage of the total hours of sunshine possible during 

Solar Energy the month, shown in tabular form for stations and also as 

a national map; (b) the percentage of mean monthly sunshine 
showing a percentage of the mean number of hours of sunshine 
received J shown as a national map. Means are computed for 
the National Weather Service Stations having at least 10 
years of record; (c) average daily values of solar radiation 
in Langleys showing monthly averages of daily total solar 
radiation both direct and diffuse in Langleys (oal. cm"2) 
for all nationed weather service and selected cooperative 
stations which record these data shown as a national map. 
The analyses include adjustments required to bring station 
records to approximately the same level of calibration i 
(d) percentage of mean daily solar reiiation showing the 
percentages of the mean based on at least five yearB of 
record during the period 195O-I960 and corrected to the 
International Pyrheliometer Scale of 1956, shown as a 
national map; (e) total radiation on a horizontal surface 
for each day of the given month, recorded at over 70 sta- 
tions; (f) heating degree days for the month, and the ciamu- 
lative total from the previous July, 

h» Microfilm summaries for the period 1952 to 1965 compris- 
ing a chronological listing for cloudless days of total 
radiation on a horizontal surface in Langleys and percent 
of extra-terrestrial radiation reaching that surface. The 
microfilm also includes, by class intervals of Langleys, 
the frequency distribution of Langleys for all stations by 
month. New York City is one of the 23 stations* This tells 
how many days recorded a total radiation within any given 
interval of Langleys during a particular month. 

5. Heating Degree Days for each month and the entire year 
of July 1972 to June 1973 in New York City. Also, the 
monthly and annual means of degree days, as averaged over 
many years. 

6. Weekly Mean Values of Daily Total Solar and Sky Radia- 

tion in Langleys on a horizontal surface. Due to the 214- 
year period of record, the curve for New York City has 
averaged out to a smooth curve, cancelling out any irregul- 
arities that may have occurred in a particular year. 

7. Tabular listing of mean monthly values for; total 
daily radiation on a horizontal surface (btu/day /sf ) ; 
fraction of . extras-terrestrial radiation transmitted through 
the atmosphere; ambient daytime temperature (as opposed to 
the 2U-hour average temperature). 

# 

8. SOLAR HEAT GAIN FACTORS - Whole day totals for vertical 
surfaces at 16 different compass orientations and horizontal 
values account for direct and sky radiation, ground reflect- 
ance, and transmission losses through one layer of double 
strength gla^s. Units are btu/sf)* Based on theoretical 
values for average cloudless days, taken from ASHRAE 

^ Handbook of FundamentalB. 
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9. COMPUTED SOLAR INSOLATION - Hourly and whole day to- 
tals for vertical surfaces at 8 compass orientations and 
horizontal. Based on actual Weather Bureau means for solar 
radiation in New York City. Units in btu/ft^. 



10. COMPUTED DAILY SOLAR INSOLATION - On south- facing sur- 
faces at various tilts from the horizontal. Based on ac- 
tual Weather Bureau means for solar radiation in New York 
City. Units in btu/ft^. 
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Solar Energy 



Notes : 

1 . Numbers designa- 
ted by bars : 371^^ 
indicate highest 
month of gain for 
given orientation. 

2. Numbers designa- 
ted by parentheses: 
(3711*) indicate 
orientations of 
highest gain in 
given month. 
Source: 

ASHRAE» KOOLSHADE 
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6# LIGHTING a) Provide adequate li^t levels for all tasks (see follow- 

ing summary of recommended light levels) 

b) Avoid excessive light levels 

c) Permit selective increase of light levels 

d) Permit lighting to respond to varying educational formats 

e) Avoid artificial lighting when natural light is available 

f ) Avoid providing artifical lijfhting to vmused areas or 
spaces 

g) Provide an upper limit to the power consumed by ligfhting 
systems 

The sub-reports document inconsistencies in classroom light- 
ing, making it imperative that fundamental light require- 
ments, light levels, lif^t delivery systems and light sys- 
tem control methods be reexamined. We refer as background 
to the following. 

1. Light level requirements have varied sharply and 
continue to do so, from code to code, from one year to the 
next ajid from country to country (sub-report h-2). 

2. Actual light delivery to classrooma varies sharply 
from designed light levels, with light levels In soffit eages 
being appreciably higher, in othafi, appreciably lower, often 
in the same classroom (sub-report g-1). 

3. An analysis of what takes place in the claaaroom In 
teaching-learning patterns points to the fact that hardly 
anv classroom activities follow the typical elassrooffi task 
on which general light levels have been determined « and 
the largest part of classroom activities requires eonsid- 
ably less general light than Is called for (sub-report i). 



School Lighting 
Observations 
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d-6/g 
Lighting 



There is no correlation between higher light levels 
and more success in learning. 



MEANS OF PROVIDING 
AND CONTROLLING 
ARTIFICIAL 
LIGHTING 



Lighting the 

Instructional 

Space 



Summary of 
Recommended 
Li^t Levels 
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With these observations recorded, it became clear that 
other lighting potentialities and patterns should be exam- 
ined, based on the criteria for learning previously re- 
corded, and considering the statistic that about 65% of 
electrical usage results from lighting in the school. 

While it is felt that natural light should be used more 
widely and more effectively in schools, it is evident that 
artifical light will be required to supplement solar illum- 
ination if conditions a) and e) are to be met. This por- 
tion of the report deals primarily with the means of pro- 
viding and controlling artifical lighting. The utilization 
of natural light is discussed in 'Solar Engergy* (section 
d-5) and 'Building Skin' (section d-3). 

The most typical lighting situation in a school is that of 
the instructional space. Several possible solutions indi- 
cate a general approach to classroom lighting intended to 
conserve energy and, at the same time, provide an environ- 
ment which is more responsive to the varying activities 
which may take place. Ttie pri-^iary aspects of this approach 
are flexibility, responsiveness and ability to deliver 
light, where it is needed. Ihere are certain areas in a 
room which can be assumed to have unique lighting require- 
ments such as chalk and display boards and areas affected 
by natural light. There are also pieces of equipment and 
furniture such as sewing machines and reading carrels which 
have their special demands and solutions to lighting which 
are selfcontained, although not limited to any specific 
location within a room. There is, however, a large amount 
of activity which taJkes place away from the^se specific 
areas or objects and it may Include lighting ^demands cover- 
ing a wide range both of Intensity and local positioning. 
As documented in 'Educational Tasks and Environmental Con- 
ditions' (sub-report i) 251 school tasks were identified, 
indicating the need for a flexible lighting system. The 
light levels assigned to the various tasks aife summarized 
below. 

Ambient Light Level One (5-15 fc ): Artificial illum- 
ination to provide sufficient light l^or general 
safety as well as sufficient ambient light for audio- 
visual presentations and non-visual tasks. Activ- 
ities in this light rang^: 

(a) Lectures and disDCusslons (with additional li^t 
directed to teaching station, to chalkboard^ to 
display when required) 

(b) Audio-visual presentations 

(e) Assemb^^s (with additional light when required) 



^z6/J (d) Cafeteria/dining (with additional light when 

Lightl-'fl; used for other purposes) 

(e) Corridors and stairs (with light concentrated 
at entry and egress) 

(f) Shower and locker rooms 

(g) Storage rooms 

(h) Boiler and fan rooms (with additional light as 
required at equipment) 

Ambient L ight Level Two (l^--^0 fc ); Artificial 11- 
lumlnatlon for general use, adequate for reading 
and writing, but supplemented by additional task 
lighting where necessary. Activities in this 
« light range: 

(a) Teaching spaces for general purposes, including 
reading and writing tasks (with additional light 
directed to chalkboard, to display, when re- 
quired) f 

(b) Library - general reading area (with additional 
li^t at tables and carrels when i-equlred) 

(c) Gymnasium (with additional light for exhibitions/ 
matches when required) 

(d) Staff offices (with additional light at desks) 

~"(e) Maintenance and Repair Shops (with additional 
light at machinery) 

Ambient Li ght Level Ihree (30-50 fc ); Artificial il- 
lumination for more precise tasks such as reading 
fine print, painting, model :.jJclng, sewing, drafting. 
Additional lighting is Indlcat^ed for most of these 
tasks. Activities in this light range: 

/ (a) Library - audio-visual preparation area, record 

inspection, micro-files (with additional light 
within carrels, at desks and at equipment, 
where necessary) 

(b) Art rooms for paintings, sculpture, arts and 
crafts (with additional task lighting where 
necessary) 

(c) Drafting rooms (with additional light directly 
at drafting table) 

(d) Shops (with additional light at mtiehinery and 
©(luipment ) _ _ , 
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Lighting 



(e) Home Economics rooms (with additional light 
at kitchen equipment, at sewing machines) 



POUR SYSTEMS 
FOR LIGHTING 
FLEXIBILITY 



1. Refinement of 
Switching 
Patterns 



(f) typing rooms (with additional light at desks) 

There are four basic ways that flexibility can be achieved. 
The following examples are intended to be illustrative 
rather than definitive. They are based on typical New 
York City classroom units of 750 sf with windows along one 
wall and chalk or display surfaces on the front and rear 
walls. The basic approaches to lighting indicated here can 
easily be modified to conform to other applications includ- 
ing larger, specialized classrooms or "open classrooms." 

Increase control options by refinement of switching pat- 
terns. This approach is basically upgrading conventional 
control patterns either by the addition of circuits per- 
mitting separate control of smaller areas of lighting or 
by using fixtures and controls which permit intermediate 
levels of output (multi-level or dimmed). In this system, 
the degree of flexibility is limited by the initial in- 
stallation, that is, the arrangement of switching and fix- 
ture patterns is determined at the time of installation 
and is not easily altered afterwards. 

Example A - Provide directed li^htinK on wall sur- 
faces at front and rear of room for chalk and dis- 
play surfaces (possibly single ^ube fluorescent fix- 
tures with reflectors or low wattage high pressure 
sodium fixtures) and general illumination in center 
of room (conventional fluorescent fixtures with 
prismatic lenses). Switch each of the wall surface 
lighting groups independently and the general illum- 
ination fixtures with three circuits as indicated on 
the diagram: 
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fiaURE d-6/1: 
FIXSD 

nmm position 

WITH GRADUATED 
LIGHT LEVELS 



The system provides three basic types of lighting, 
that is, vertieal surface illumination, general 
illumination for the Interior gonf of the room, and 
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d-6/5 supplementary general illumination for the zone 

Ligliting where natural light is generally available. The in- 

terior zone is multi-leveled with circuit 5 provid- 
ing a graduated increase in lighting as the distance . 
from the windows increases. 

Example B - A variation on this first system is one 
which the control function is carried out by dimm- 
ing devices rather than by on-off switches. In this 
situation, however, the switching pattern is slight- 
ly different: 



FIGURE d-6/2: 
FIXED 

FIXTURE POSITION 
WITH DIMMERS 
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?.. Adjustable The second basic degree of flexibility comes through the'' 

Fixture use of adjustable fixture positions. Tliis can be either 

Positions some form of conventional light track or a series of out-? / 

lets and clip-on fixtures. In this case, as in the previous 
one, the control functions are fixed at the time of initial 
installation. 

Example C - Provide five light tracks with indi- 
vidual dimmer control as indicated: 



FIGURE d-6/3: 
TRACKS WITH 
INDIVIDUAL DIMMERS 
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d>6/6 With this arrangement, lighting can be arranged in response 

Lifting" to the unique requirements of each wall surace, as well as 

to variations within the central area. 

Example D - Provide a grid of outlets in the ceiling 
with provisions for attaching clip-on fixtures. This 
can be accomplished with a pipe grid serving both ay 
conduit and mounting support: 



FIGURE d-6/1*: 
GRID WITH FIXTURE 
TYPE OPTIONS 
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SCALE 



Tkie advantage of this system as opposed to a track 
system is that any selfcontaii'.ed fixture that cem 
be hung and plugged into a conventional outlet, can 
be utilized permitting great freedom in future- fix- 
ture selection. 



3* Switch at 
Fixture 
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Placement of the switch at the fixture rather than at a 
remote location on the wall offers the possibility of in- 
dividual control without increasing the amount of wiring, 
in fact, in many cases reducing it. The problem becomes 
one of operating the switches. One solution is a simple 
mechanical extension, such as a pull chain, to operate each 
switch within the context of a typical instructional space. 
Since this method is apt to present considerable problems 
an alternative method of mechanical or electronic relays 
ought to be considered. These relays may be activated by 
electrical signals which are carried on wires, or by lig^t 
or sonic signals which are alr-bome and sent directly to 
the relay* s receiver. The advantage of this second method 
Is that there i3 no limiting wirin^^ pattern. Ttie disadvan- 
tage is that a control dovice must be provided. A wired 
system with a tAUmber of channels can provide a series of 
options which can be vwied as needs change. This wired 
system may utilize ilrdividual channels which can be selec- 
ted at the fixture or a single pa^h with mu3.tiplexed sig- 
nals discussed In •Controls* (seotion d-11)* The basic 
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LOW VOLTAGE 
LIGHTING CONTROL 
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d^6/8 control pattern in a six-channel "hard wired" system is 

Lifting diagrammed in figure d-6/5. The arrangement of fixtures 

shown in 'Example A» coupled with this switching system 

would yield the following: 

Example E - Provide fixtures as indicated in 'Exam- * 
pie A* except that switching will be accomplished by 
relays at each fixture control by a six-channel sig* 
nal system* Fixtures can be adjusted to respond to 
signals on any one of the six channels • The advan- 
tage of a system like this is that if a teacher or 
student wants to utilize the lighting to augment 
some aspect of the teaching situation which was not 
anticipated at the time of design it is possible to 
do this simply by changing settings on the fixtures. 
There is no need to alter any of the built-in ecjulp* 
ment. With this system it would be possible to split 
the lighting on the chalkboard onto two separate 
circuits, so that a lecturer could draw attention to 
one area or the other a class progressed, 

k. Adjustable Final degree of flexibility can be achieved by a system 

Fixture Position of adjustable fixture position and switching pattern. Ihis 
and Switching could be achieved utilizing either track or clip-on li^it* 
Pattern ing with a second plug to tie into a control circuit* In 

the case of the multi-wire system, this could either be an 
eigiht-pin coded plug or a two-prong plug going into a re* 
ceptacle with one center and six perimeter holes j the den-* 
ter hole being coaxial and containing the on and off leads 
and the six outer holes being the means for tying into 
the one of six circuits desired. 



FIGURE d-6/6: 
CIRCUIT 
SELECTING PLUG 




With this approach^ the arrafigement of fixtures and pat* 
terns of control eould be varied widely as the retulfeaeftts 
ehanged. This is of partieular iffiportanee In a situation 
su€h as an open classroom where there is a large area with 
few fixed components and whei'e the use of spaee say ehange 



1 



Lighting 



Education 



Kstablighment of 
Clear Cause and 
Effect Relation- 
ships 



Automation 



considerably from week to week. 

Promoting Operation of Energy Conserving Options: The 
availability of lower energy options will not in itself en- 
sure the use of these options. Several techniques may be 
used to further this end: *^ 

There are a number of obvious means for educating, occu- 
pants to the use and importance of energy saving features of 
a space. The first is by permanently installed plaques at 
the controls describing exactly what each control does and 
the energy implications of operating that control. Second 
is an operation manual which would be given to both teachers 
and students and which might become part of a larger educa- 
tional program relating to environmental and resource -evalu- 
ation. A third possibility is the creation of a short film 
which could be shown at an assembly at the beginning of each 
school year. A fourth approach is the encouragement of vari- 
ous student activities in which light use is also tied into 
an appreciation of the visual, quality of space. The stu- 
dents can, for example, assume the role of stage lighting 
crews to keep a room's lighting related to the changing 
teaching and learning situations. 

The typical switch arrangement observed in existing 
schools is that when two circuits do exist for classroom 
lighting, the switches are ganged together at a single 
cover plate. With this arrangement, the tendency observed 
is to operate both switches together often with a single 
hand motion without considering the option of only using 
only half the lights even when that \iould be more than 
adequate. In order to reduce this problem, locate switches 
near the fixtures they control. This will serve the 
double role of preventing the simultaneous operation of 
switches and also point out the function that operation of 
specific switches serves. 

There are two serious areas of concern regarding the use 
of automated controls for building environmental functions. 
First, in order to provide automation there is a tendency 
to simplify areas of control which in turn reduces respon- 
siveness to local conditions. Second, large scale auto- 
mation can create a feeling of helplessness in the occu- 
pants regarding their ability to control their own environ- 
ment. 
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With these things in mind, school classrooms seem ideally- 
suited to two types of automatic light control. One is the 
use of photo-sensitive cells restricting the operation of 
fixtures near window areas. The other is programmed shut- 
down of all but emergeney classroom lighting at the end of 
each class period. 

The photo cell eontrol can operate in either of two ways. 
If the control is by means of dimmers, the artificial levels 
can be gradually and aontin^a^ly modulated as natural light 
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levels vary. If the control is by on-off switch, the photo 
cell can activate a positive lock-out which would take ef- 
fect at the end of each period. In this way, students 
would not be distracted by having lights go out during 
classes, but if the light levels had increased while one 
class was in progress, the lights would remain off during 
the next period. If, during that next period, the outside 
light level were to drop again, the over-ride restriction 
would be removed. However, the lights would not turn on 
until someone activated a switch. An automatic shutdown 
at the end of each period operating through a low voltage 
switching system like that diagrammed in figure d-6/5 would 
have two substantial benefits. First, it would prevent 
lights from being left on if the classrooifi were not in use 
for the subsequent period. Second, since it operates by 
throwing each relayed switch to the off position when the 
room is next used it is necessary to reactivate each cir- 
cuit individually. Thus, if one class requires a very high 
light level and the next class a low level, the tendency 
of using the higher level for both due to the previous set- 
ting will be avoided. 

It is difficult to .predict exact savings that will be 
achieved in a system that relies at least in part on human 
participation with the system. Observations in a number of 
schools indicate that even with a minimum number of options* 
systems behave quite differently from predictions. Several 
assumptions may, however, prova valuable in anticipating 
the magnitude of the effect of installing any of the systems 
discussed. 

1. Total load for lighting in typical 750 sf classroom as . 
designed today (including tubes and ballast) lUOO to 
1700 watts. 

2. Typical operating pattern 

a) All light on whenever room is occupied. 

b) Room is occupied by tefeicher alone or teacher with one 
or two pupils typically about one-half period per 
day, average. 

c) The average classroom is vacant about IH periods per 
day. 

d) Lights are left on in vacant classrooms about 30% of 
the time. 



e) In dlassrooffls where the perimeter lights are separate- 
ly switched, they are almost invariably turned ©n 
whenever the room is in use. NOTEi An exeeptlen to 
this va§ observed in a high school in whieh the @us» 
todian had overridden the loeal controls and rendered the 
periffieter lights inoperative. At about 11:00 AM in 
fflid-Deeember with a heavy oi?ereaat (intermittent 
snewh .a, series of rooms vith southeast eseposures 
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were observed. With shades partially drawn, li^t 
levels on desk tops ranged from 65 foot candles on 
those closest to the windows (where lights were in- 
operative) to 8 footcandles farthest from the win- 
dows. The significant factor in this observation 
is that even with dense clouds, natural light was 
still sufficient to illuminate about one-third of 
each classroom observed. 

f) Schedules vary somewhat from school to school, how- 
ever, the following could be taken as representa- 
tive. 

1^ minute morning homeroom 
eight/U^ minute periods (UO minutes of class, 
^ minutes between classes ) 
1^ minute afternoon homeroom 

ThiB excludes for the time being any after-school use. Ihe 
following quantities should be taken as typical averages. 
Hhe classroom is* in use 6H hours (390 minutes) per day for 
regular school use. 

Breaks between classes account for minutes per day. Egr 
automatically shutting off lighting 1% minutes after the 
end of one class and assuming that the present pattern of 
keeping the students outside the room until about one min- 
ute before the next period, a total of 22 h minutes per day 
of minimum emergency light level could be obtained. Assume 
this becomes I8 minutes due to some earlier start'up then 
predicted. In a l80-day year at a load reduction of lUdO 
watts this yields a savings of about 75 kwh/yr/classrodm. 

For 20 minutes per day the classroom is used by one to four 
people. Ihe use of only the required lighting would reduce 
the load by about 900 w yielding an annual savings of about 
55 kwh/yr. 

For 60 minutes per day the room 4s vacant. About half of 
this time the lights have been observed to be on. If these 
lights were turned out lowering the load by I5OO w fdr 30 
minutes per day average, the savings would be 135 kwh/yr. 

For 260 minutes per day the room is used with approxiaately 
its normal capacity. Oberservation and research has indi- 
cated that for at least three-quarters of the tasks that 
take place in classrooms, the lighting input could be 
thirty percent of what is currently provided resulting in 
a reduction of more than 50 percent of total* If the Vir» 
lous stimuli to reduce levels are half effective, yielding 
a twenty-five percent reduction, a ^95 kwh/yr saving would 
result. 

If a system is used which adapts itself to respond to 
natural light, a one-third reduction for 200 minutes per 
day could be realized, or an annual savings of about 300 
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d-6/ia kwh if applied directly to current practices, or about 190 

Lighting kwh if applied to a system with reduced initial loads. 

These savings total 7^0 kwh/yr. While the potential savings 
listed above are not cumulative, it is reasonable to project 
a savings of anywhere from 350 to 650 kwh/yr per classroom 
within the regular school hour use plus an additional 3 to 
5 kwh for each ten hours of after-school activities for 
which the classroom was used. These savings are above cur- 
rent savings achieved during the past winter. At current 
electric rates, (approximately 7^ kwh) this represents a 
savings of $25 to $U5 per classroom/per year, exclusive of 
after school hours. 

The hypothetical classroom would use 1550 kwh/yr if normal 
lighting were installed and the projected patterns followed. 
These projected savings are based on a relatively low usage 
pattern. In a series of studies, classroom lighting was 
found to consume about two-thirds of all electricity in a 
school of which half went into classroom lightinf. For ex- 
ample, a 175,000 sf intermediate school has about 70 class- 
rooms. At the rate of 1550 kwh/yr/room this would be a 
classroom lighting use of 108,500 kwh/yr or a total elec- 
tric usage for the school of 325,500 kwh/yr. OJiis con- 
verts to i860 kwh/msf/yr which compares to the average for 
all NYC schools of 386l kwh/msf/yr for the 71-72 year. 
This is probably fairly accurate because it does not reflect 
any after-school, weekend or summer activities and it is 
compared to a use rate existing before any public awareness 
of the energy situation. Still, if the estimate is low, the 
potential energy savings will Just be greater. . 

Sufamary of Classrooms 
Findings 

1. Provide approximatel;'^ hO percent of the classrooms 
with increased switch circuiting to permit both localisa- 
tion of light delivery and modulation of level by "checker- 
board" li^t patterns from 15 to 60 footcandles. 

2. Provide approximately kO percent of the classrooms 
with multi-level fixutres to permit reducing li^xt levels 
throughout entire classroom to those actually required for 
activities taking place. 

3. Provide each of the remaining classrooms with either 
a conventional track-light system, a system of fixed limits 
with adjustable switching patterns or a system where both 
fixtures and switching are adjustable, the last two being 
accomplished either by multi-wire low voltage or multi- 
plexed control systems. In addition » provide some of these 
rooms with automated switching on an experimental basis. 
This mi#it include photo-sensitive controls for perimeter 
zones and timed shutdown of- lights based on end of period 
sipals. 



' 101 



^6/13 i*- Provide selected rooms with a series of work stations 

Lifting with integral lighting to' permit a low general light level 

to be maintained while still satisfying requirements for 
those students performing demanding visual tasks. 

Special Purpose Rooms (Gymnasium, Cafeteria, Auditorium, 
etc. ) 

1. Re-evaluate the scheduling and use patterns expected 
in each area of the specific building in question and pro- 
vide appropriate light delivery system with particular em** 
phasis on ability to deactivate areas or reduce levels when 
services are not needed. For example, in keeping with curr- 
ent use practices, provide tvo light environments in an 
auditorium — one for assembly, one for study hall use. In 
a cafeteria provide lifting conditions suitable for dining, 
maintenance and study hcdl use. Controls should permit se* 
lective lighting of individual areas within cafeteria for 
times when groups are using small portions of the space. 

2. Provide automated shutdown of li^t systems when it 
is anticipated that occupants will not utilize systems ^and 
when scheduling can be easily predicted. 

Offices 

1. Provide ambient light levels of 15-20 footcandles and 
specific illumination at work stations. Note; the ambient 
light may be provided by the same fixtures which provide 
the task li^t permitting great flexibility in the space 
use. 

Corridors 

1. Provide light levels of 5-10 footcandles in corridors. 

2. Use li^t reflecting wall surfaces. 

3. Where alcoves or short corridors occur, provide sup- 
plementary illumination to prevent shadowed pockets. 

Note: Provide service capacity for possible future augmen- 
tation of lighting systems to current standards. 
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a) Provide adequate minimum temperatures for all times when 
school is occupied, varying temperatures according to 
activity. 

b) Avoid excessively high temperatures. 

c) Permit selective heating of portions of school during 
partial occupancy. 

d) Avoid redundant heating when solar or interned gain will 
maintain adequate temperature without mechanical isupport. 

There are a number of sources of heat which result from the 
normal activities which take place within a building. Ihese 
include heat released by occupants and heat produced by the 
use of any electrical equipment such as lights, motors, 
appliances, etc. In one sense, this is free heat since the 
expenditure of energy which generates this heat is required 
to operate the building in any case. It is important to 
remember, however, that the devices which are producing this 
heat are not specifically designed for that use. The heat 
which results from required lighting reduces the load on a 
building's heating plant but the increase of li^t levels 
far beyond needs in order to provide all heating from this 
source results in great increases in overall fuel use* liiis 
is due to the following factors. First, light fixtures are 
not designed as heaters and th^refore frequently do not de- 
liver heat where, when or in the exact quantities needed. 
Second, the use of electricity to produce heat is inherently 
inefficient (see discussion of oonversion of fuel to heat 
which follows). For example, if lighting is the only soufee 
of heat, heat required at window areas where heat loss is 
greatest will necessitate the use of large nunflbers ©f fix- 
tures at these areas. These areas, thoufipi^ generally have 
adequate natura^ light so, for lifting purposes, the fix* 
tures are unnecessary. T^ese fixtures will preduee about 
one btu of heat for every four btu of enerj^ consuffied at 
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d^7/2 the generator and this heat will probably not be delivered 

Heating to where it is actually needed. A conventional heating 

system, however, will deliver one btu for every one and a 
half or two btu input and will deliver heat to where it's 
needed. The introduction of lighting above required levels 
in order to supply all required space heating should be 
avoided* 

A second major soxirce of heat, is solar radiation. A full 
description of its heating potential is included in section 
d-55 Solar Energy. This approach should definitely be con- 
sidered as a means for reducing the fuel required for space 
heating. 

In most cases, the heat sources described above are not ade- 
quate to provide for the total needs of a building. When 
this occurs, additional input will be required from a heat- 
ing plant. Where systems are controlled by local. Interior 
thermostats, the heating system will deliver only the heat 
that is required to make up the difference between the de- 
mand and the available "free" sources. The provision of the 
make-up heat is the subject of this section. 

Conversion of Most processes in which fuel is used to generate energy 

Fuel to Heat start with the production of heat. Where the final form of 

energy desired is also heat, it is generally more efficient 
to use the original heat directly rather than to convert it 
to somie other form of energy such as electricity. Ihe major 
difficulty with the direct use of heat is that it is rela- 
tively inefficient to transport energy as heat for any long 
distance. For space heating, the bsBic available heat 
sources are locally generated heat, generally carried in 
steam or hot water; centrally generated heat, generally 
district steam; and electricity. The first two are direct 
heat sources and range from about 50 percent to about 80 
percent efficient. Electrical generation uses heat to 
create steam which in turn drives the generators' turbines. 
The generation and distribution processes result in a de- 
livered e^fficiency for electricity of about 25 percent. 
Because of this low return of heat energy compared to fuel 
input, electric heating should be avoided except where the 
direct Use of heat energy is not feasible. 

Total or Selec- A total or selective energy system is one in which elec- 
tive Energy tricity is generated locally and the heat which is normally 

wasted is used for heating, domestic hot water and absorp- 
tion cooling. In buildings where size and demand make this 
approach feasible, it should be evaluated for the specific 
instance on the basis of fuel use and economic factors* 

Heat Recovery In smaller projects which cannot support cdnslderation of 

total or selective energy^, other forms of utillaing what is 
normally waste heat should be evaluated# l!iese inelude the 
use of heat exchangers to pre*heat incoalng alr,o? supply 
radiant panels, and a3.no heat puaps to* take heat from one 
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area where cooling may be required and tranfer it to a zone 
with a heating demand* 



Design Conditions It is recommended that 5^ F outside design temperature be 

used to permit rapid morning heat-up although ASHRAE 9955 
data indicate an 11^ P outside design tenqperature • The in- 
door temperature of the school should be based upon the 
expected usage of a particular space. Thus, classrooms 
with relatively minor activity should maintain a comfort 
temperature of 68 F, Thermostats for individual room 
control should be set at 65 F, that is 3^ F lower than 
maintained temperature to allow for temperature override 
due to lack of equipment response as well as additional 
heating that may be provided by direct sunlight. A 
further consideration that must be taken into account in 
the design of the equipment and in calculating the heat 
losses is the "exposure" factor. This* is related to 
building location 9 building construction, prevailing wind 
direction and degree of exterior exposure. 
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Distribution Heatin<g only . Use low pressure steam systems with vacuum 

^stem return. The advantage of the low pressure steam system is 

that it allows rapid warm-up of school buildings after shut- 
down and avoids freeze-up during shut-downs. Low pressure 
steam minimizes operational supervision problems. Steam 
pressures in excess of 15 lbs necessitate operation of plant 
with licensed engineers and may further increase opera\;ion€d 
servicing problems. Steam heating systems should not be 
utilized where both ^heating and cooling of entire schools 
ia contemplated, since a duplication of the distribution 
system would be required. 

Heating with air-conditioning . If a building is to be air- 
conditioned as well as heated, then it is recommended that 
whatever the energy cariying medium utilized, it be adapt-^ 
able to both heating and cooling use; thus, where air con-^ 
ditioning is required, the combination of hot or chilled 
water through the same piping system or heated or cooled 
air should be used. 

Water provides a desirable medium because of its high den- 
sity. Air with the equivalent heat-carrying capacity as 
water occupies a volume much greater than that required for 
water. Large schools with air distribution systems require 
the use of multiple equipment rooms because of the large 
duct, sizes and transmission losses inherent in extended dis- 
tribution runs. 

Zoning . Sectionalizing portions of the school based on 
function is essential for ener^ conservation and permits 
selective heating of i-^jquired spaces without the necessity 
of operating the entire building plant. Because of vent i* 
lation requirements for large places of assembly^ auditor* 
iums and gymnasiuffls as well as dining facilities should be 
o . desigried using indirect heating systems^ i.e.^ air supply 
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\init8 containing heating coils (and possibly cooling coils) 
with fans distributing the air to. the respective spaces. 
In hij^h spaces provide for air distribution patterns that 
prevent stratification. 

Air Distribution . Low velocity or medium velocity equip- 
ment should be designed and utilized in preference to high 
pressure air distribution systems which consume more energy. 
Avoid dual duct systems in which temperatures are modulated 
by mixing chilled and heated air. Systems should deliver 
one or the other and respond to temperature requirements by 
varying volume. 

System Insulation . In addition to the insulation in the 
skin of the building, the insulation of the heat delivery 
system is important to avoid loss of heat to spaces that do 
not require the heat. 

It is important in the selection of boilers to size the 
units to follow the load profile for the schools through 
the heating season as closely as possible. The following 
factors should be given consideration in sizing boilers: 

1. Boiler efficiency on the order of 80 percent for 
loads down to 50 percent of input rating is common. Below 
50 percent of input rating boiler efficiency drops rapidly. 

2. In New York City schools, the outside air ventilating 
load constitutes, at design conditions, between 60 and 75 
percent of the total heating load, based on current local 
design practices of providing 15 cfm per occupant of outside 
air in classroom situations. 

3. In studies carried out at Ohio State Engineering Ex- 
periment Station, it has been found that the ratio of actual 
calculated heat load to designed heat iQad is below hO per- 
cent, approximately 9I; percent of the time for a one year 
period as measured at a single school. Therefore v it is 
recommended that boilers be split into incremental (modu- 
lar) units utilizing individually sized multiple cast iron 
heat exchangers in units of 10 to 20 percent of design load 
for both #2 and ifh oil. In schools utilizing #6 oil* a 
minimum of three boilers , two sized at hO percent of design 
load and one boiler of 20 percent design load should be 
utilized. Any boiler sized at 1*0 percent of design load 
should be adequate to supply all of the heating energr re- 
qxiired the largest part of the heating season. These boil- 
ers would be rotated in usage. During a substantial por- 
tion of the heating year, the 20 percent boiler is adequate 
for the full heating load. In the event of one of the 
boilers failing, the second hO percent boiler can be put 

on the line. In the event of both of the kO percent of 
design load size boilers failing simultaneously, th^ 20 
percent of full load design boiler could heat the Sdheol- 
with the outside air shut off during the repair period, in 
all but the most severe weather. 
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Nq> 6 Oil . It is expected that #6 oil will be the prime 
heating fuel for most future school buildings* On the 
basis of current operating experience, tbe use of forced 
draft rotary cup burners is recommended. These units pro- 
vide good optimum performance atid, because of the simplicity 
of design, are apt to be operated close to this optimum. 
In addition, they have relatively low ancillary electrical 
loads which results in an indirect fuel savings. The use 
of pre-set air intakes for low range partial loading should 
be explored. 

The exact performance characteristics of rotary cup and air 
atomizer burners in actual operating conditions are not 
currently available. It is recommended that National Bureau 
of Standards monitor and record^ this information in a school 
specially equipped for this study with one burner of each 
type. The results of this test should be available in time 
to affect the final decision in the prototype building. 

No. 2 and No. k Oil . In buildings where the heating load is 
less than 5,000,000 btuh and modular boilers are utilized, 
medium pressure air atomization burners should be considered. 

Ultrasonic Oil-^Waier Mixing . It is recommended that National 
Bureau of Standards run laboratory tests to determine the 
effect of the Cottell or similar process on fuel consvimption. 
These tests should be carried out during Phase II which will 
permit the use of the device in the prototype building if 
the results indicate that its installation is merited. 

Terminals Terminal devices herein are defined as the device by which 

energy is transmitted into the area for either heating and/ 
or cooling. 

lypical classrooms . Where steam or hot water is the medium 
for transferring the heat from the energy generating plant 
into the space, lase radiators or convectors individu&lly 
controlled. For both heating and air-conditioning utilize 
fan coil units. 

Kindergarten and Pre-Kindergarten . Consider radiant floor 
unless floor is carpeted. Use air-floor system with heated 
air discharged under windows. This system provides both 
warm radiant floors and prevents cold drafts at window-^walls * 
An alternative to this is the use of unit ventilators at the 
exterior wall. 

Offices and other aitolni st rati ve areas . Use convectors or 
finned-tube radiation for heating* Utilize fan coil units 
when cooling is provided. 

Gymnasiums and Auditoriums . Air distribution to ventilate 
and heat ©rmnasiuffi and auditorium spaces generally is ad« 
Gompllshed by means of ductwork, whidh may be located over*- 
head or in the crawlspaee underneath the floors of the J?e- 
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spective spaces. Air may be distributed through grilles, 
registers, axid/or overhead air diffusers. Air is returned 
to the fan rooms utilizing ductworK connected to a point 
source returni such as single or multiple registers or 
grilles. Provided a proper uniform distribution method is 
installed, the location of the air returns is relatively 
unimportant. For design criteria, it is recommended that 
ASHRAE Standards be followed. 

Attention must be given to the question of stratification. 
Air movement patterns must be established to assure that 
heated air does not layer at the top of these spaces, par- 
ticularly when there is a major ventilation load drawing 
off this heated air. 

Heating Systems The idealized control system follows the energy load pro- 
Controls file dictated by outside temperature conditions as well as 

the internal load variations of each space. 

Classroom temperature control . Heating elements within 
classrooms, whether steam or hot water, should be controlled 
by individually operated control valves modulated from a 
thermostat within each classroom. Based on observations in 
existing schools, these thermostats are frequently subjected 
to tampering. They are also affected by local thermal con- 
ditions. It is therefore recommended that in selected rooms 
they be placed Just inside a return air grille where they 
vill receive a more consistent sample of room air and will 
be protected from the room occupants. The control system 
may be either pneumatically or electrically actuated. For 
large schools, pneumatic control systems are recommended. 

Gymnasium and Audi tori \m Temperature Control . These so- 
called indirect heating units consisting of air supply fans, 
heating coils for preheating and reheating the air intro- 
duced into the space, together with possible return air fans 
which either return the air >.or exhaust it as needed, should 
be controlled from a master, sub-master type discharge con- 
troller regulating the steam or hot water valves in the 
heating coil section of the air supply system. Control sys- 
tems must be so designed as to permit keeping fresh air 
dampers closed during warm^^up and during light occupaftcy 
periods. The damper arrangement should be such as to keep 
the exhaust air damper closed until the mixed air tei^era- 
ture exceeds 75 degrees. The sequencing of the conti*bl8 
must first shut off the heating energy supply prior to open^- 
ing in sequence outside air dampers and e:}diaust daiq^ers. 

Where practical, consideration should be given to ecOnoaia- 
er cycle operation during mild weather and for exhaust air» 
and to ener^ recapture through the utilization of air to 
air, air to water heat exchangers. 

Provide as part of the maintenance offices ^ a plan and deeii* 
ment room, with sets of mechanical (and other) drawings on 
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cloth. Provide a clear operating manual in non-professional 
language. Mark and identify each valve and control point 
clearly and permanently. Mount permanent, clearly printed 
instructions on the use and maintenance of equipment near 
the equipment. 

Standetrds 

1. Outside design temperature 5° F 

2. Classroom design temperature 68° F (set at 65° F) 

3. Administrative area design temperature 68° F 

1*. Gymnasium design, temperature 65° F and 70° F based on 
type of activities taking place 

o 

5. Storage area design ten5)erature 50 F 

6. Other spaces as called for in latest School Design 
Planning Manual 

7. Exposure factors to be determined after site selection 

Distribution System (predicated on heating only with no pro- 
vision for additional air-conditioning) 

1. Utilize low pressure steam with vacuum return. 

2. Sectionalize building and system to permit selective 
heating of spaces including small groups of classrooms* 
auditorium, and gymnasium during after-school hours. 

3.. Use dual level thermostats (similar 4o day /night 
thermostat using automatic reset with override feature) to 
allow two levels of settings and system off. 

k. Locate controls centrally to facilitate the selective 
use of the system. 

Boiler 

1. Except as noted below, #6 oil is recommended. Pro- 
vide a minimum of three boilers, two of which will be sized 
at ho percent design load* the third at 20 percent. 

2. If design heating load is less than 5>000i000 btuh, 
individually-fired multiple cast iron heat exchangers 
(modular boilers) in units of 10-20 percent of design load 
utiUzlng #2 and 0h oil should be considered. 
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Oil iurnlng Equiement 

1. Forced draft rotary cup type burners are reeofflmended 
for all grades of fuel oil except as noted In the following. 
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2. If #2 and ffk oil is to be usod with modular boilers , 
consider air atomization medium pressure type burners. 



Note: Conventional practice with rotary cup burners is to 
use variable dampers to modulate combustion air intake at 
partial operating levels. At lower levels this system is 
difficult to control accurately. Investigate whether a 
burner with a finite number of settings (e.g. four) with 
corresponding adjustable combustion air ports would per^ 
form better at lower fuel rates. The installation would 
require tuning after installation to set the fixed openings • 

3. It is recommended that as part of Phase II, National 
Bureau of Standards evaluate a device such as the Cottell 
system which introduces water into the fuel-oil by ultra- 
sonic or other means. 

Terminals 

1. Typical classrooms: Provide perimeter radiation with 
individual room control. In selected classrooms, locate 
temperature sensors in e^diaust air ducts and place controls 
in secure location (possibly behind grille) . This will tend 
to prevent tampering and false readings resulting from local 
conditions. 

2. Kindergarten and pre-kindergarten classrooms (where 
programmed): Consider air floor radiant slab with hot air 
discharge at perimeter wall to counter cold-wall effects* 

3. Gymnasium, Auditorium: Provide heated air system 
with 100 percent recirculation capability for warm-up and 
use with limited occupancy. Where more than 25 percent of 
the air is exhausted, analyze heat recovery devices* These 
may be heat exchanger wheels, air to water to air loops or 
air to air counter- flow exchangers. 
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8# COOLING a) Utilize systems which can discharge excessive internal 

heat to the outside by non-mechanical .means whenever in- 
side temperatures are higher than outside. 

b) Where mechanical refrigeration is used to provide space 
cooling t provide systems which are supplements to natu- 
ral cooling systems and which will be deactivated when- 
ever natural cooling can be achieved. 

Interior spaces must be cooled when build up of heat from 
interior sources occurs faster than the loss to the outside 
or when heat flows from the outside to the inside because 
the outside temperature is greater than the inside. l!i the 
first case, the ability to "dump" heat to the outside by^ 
non-mechanical means will often be sufficient to laaintain 
acceptable temperatures. This requires that the outside 
temperature be no higher than the inside. (He4t will only 
flow from bodies with higher to bodies with low^r tefflpera-* 
ture). If it is desired to lower the inside tem:>ei*atufe 
below the outside temperature, mechanical cooling fflUSt be 
provided. An additional aspect related to afflbieftt eosling 
is local cooling resulting from surface evaporation en thd 
occupants' skin resulting from air movement. 

Outside Air Cooling "nie basic aim of non-mechanical cooling is to prevent in- 
side temperatures from rising much above outside tempera** 
tures. If there is a tendency for internal heat gains to 
raise inside temperatures above outside* eonduetion Will 
generally be unsatisfactory as a method for rejecting this 
excess heat. This is due to the 'fact that the fate of eon- 
dueted loss through a given material Is a funeti©n ©f the 
temperature differential which, when overheating is a prob- 
lem, is apt to be quite saall. Instead », the aetual exchange 
of inside and outside air will permit movement of lar^^e 
amounts of heat. In order for the exehange to take glaeei 
some force must induce the air to move. Sw© basis natural 
conditions wind pressure and gravity — will in a©8t 
Q d-8/1 eases act to this end. 
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wind Presgure . There is almost always some outside air 
movement which will cause different exposxunes of a building 
to experience different air pressures. If a space has 
openings to two exposures* air will flow from the higher 
pressure through the space and out through the opening at 
the lower pressure. The rate of this flow can be deter- 
mined from the equation 

Q = EAV (see sub- report g-2) 

(One of the exposures can be a roof as well as a wall sur* 
face. It is also possible to have different exposures on a 
single wall surface resulting from the treatment of open- 
ingsj 

Gravity . Hot air weigihs less than cooler air and therefore 
tends to rise in the presence of cooler air. Vlhen inside 
temperatures are higher than outside, an opening at the top 
and the bottom of the space will permit the hot air to rise 
and escape from the higher opening causing cold air to be 
drawn in through the bottom. Ttie force acting to cause 
this flow is a function of the ten5)erature differential and 
height between the openings. Since it is desirable to have 
air change taking place at the smallest lemp^ture difTerentlE!!, 
it is desirable to increase the height between the openings. 
The utilization of height to promote air movement due to 
temperature differential is referred to as the "stack ef- 
fect*'. The actual quantitites of air movement that can be 
expected can be determined from the equation 

Q = 9.1*A h(tj^-tQ) See 'Analysis of 
Observed Ventilation Performance' (sub-report g-2) 

It is also possible to increase the tenperature differential 
without adding unwanted heat into the interior environment* 
This is done by heating the air after it leaves the oceupied 
space but before it is freed into the outside envlfonaeat. 
This is the basic principle behind the summer mode of the 
thermo-siphoning wall panel described in 'Building Skin' 
(section d-3). 

VAien moisture evaporates, there is sensible cooling result- 
ing from the change of sensible to latent heat in the pro- 
cess. If this is surface moisture on the skin, a relatively 
small actual heat change can result in a large difference 
in comfort due to the fact that the teaperatvire dfop ©ceufs 
right at the occupant. Air movement will promote evapora- 
tion by preventing moisture concentrations from building up 
around each occupant. TtiiB air movenent can be totally 
internal as induced by local fansi or can result from air 
passing throu^, a space. Circulating inside air is advan- 
tageous when outside teisperatures are higher than inside* 
Of course at some point, the concentration of moistufe in 
the air builds to a point that evaporation will net ©ecuf . 
However, the normal minimum requirements for outside aif 
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will prevent this from occurring. 

At times when outside temperatures are lower than inside, 
the conversion of sensible to latent heat carried by evap- 
orated moisture will increase the effectiveness of the air 
as a medium for removing heat from the environment, 

The basis of the design of air-conditioned New York City- 
schools shall be as suggested by ASHRAE Handbook of Funda?- 
raentals 1972, Chapter 33, Table 1, 5 percent data. Outdoor 
temperature '88° F dry bulb, 75° F wet bulb. Indoor 78° F 
dry bulb, 60 percent relative humidity. {The 5 percent 
data shall indicate in New York City that of the 3»000 hours 
of cooling required, 150 hours will exceed the conditions 
stated for limited periods of time). The selection of in- 
door conditions is based on a fair degree of comfort. It 
is recommended that all fully air-conditioned schools util- 
ize the same piping system for both heating and air-condi- 
tioning, therefore, hot water is to be circulated during 
the winter, and chilled water during the summer months. 
This may be accomplished through utilization of low-pressure 
steam boilers connected with steam to hot water converters. 
In the winter months, hot water is pumped to respective 
zones and individually controlled as previously stated. In 
the summer months in totally air-conditioned buildings, 
chilled water may be obtained through the operation of 
steam absorption refrigeration equipment with the steain ob- 
tained by operating the boiler plant during the summer 
months. The use of the steam absorption refrigeration 
equipment is recommended to minimize summer electrical 
peaking of load requirements which has become a critical 
problem in New York City. Currently, electrical refriger* 
ation equipment actually consumes less source fuel than ab- 
sorption equipment. It is hoped that two stage absorption 
chillers will live up to expectations and change this 
picture. 

To optimize efficiency of the refrigeration plant operation» 
the equipment should be selected so that each refrigeration 
unit will provide 50 percent of the total required capacity. 
Schools in the 1*0,000 to 55>00O sf gross area range should 
consider reciprocating type of chilling equipment whish is 
available in smaller capacity ranges and will optimize plant 
efficiency. For very large school projects, it is advisable 
to consider the use of selective ener^ and total ener^ 
systems to generate electricity on-site. Consideratlofi 
therefore should be given to the use of esehaust heat avail** 
able from total or selective energr plants that may be used 
for absorption refrigeration to provide the necessasy 
chilled water for summer air-conditioning use. Air-con- . 
dltioning within each classroom can be best achieved 
through the utilization of fan-coil units that recirculate 
the air within the classroom. Adequate air supply will be 
obtained by infiltration and with the operation of the ex- 
haust fan system (see ventilation section). Large air- 
conditioning distribution systetas for places of assembly* 
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such as auditoriums and cafeterias should utilize cycles 
which permit the utilization of 100 percent outside air 
whenever weather conditions permit. Controls should be 
actuating dampers to reduce the amount of outside air to a 
minimum required for health standards, whenever the mixed 
air temperature exceeds 80Of. Above 80° mixed air tempera- 
ture air dampers maintain minimum position and the chilled 
water valve to the cooling coil shall open. For extensive 
air distribution systems, utilize single duct variable vol- 
ume low pressure air systems. These minimize the fan 
horse-power required to deliver the cooling air emd avoid 
the necessity for reheat of chilled air to maintain comfort 
conditions within the space. Wherever distribution systems 
are contemplated exceeding 150 to 200 feet in length con- 
sider multiple fan rooms served from a central chilled 
water plant. A full analysis should be made of fan room 
locations to minimize energy consumption. 

Partial air--conditioning . Where limited areas only are to 
be conditioned, consideration should be given to window or 
through-wall air-conditioning units for single rooms and/or 
"pack age- type" air-conditioning equipment distributing 
chilled air. Consideration should also be given in more 
extensive systems to the utilization of heat pumps using 
cooling tower water for chilling or condensing mediums. 

Exhaust systems . Where areas are mechanically cooled, the 
amount of fresh air to be introduced is mainly through in- 
filtration through windows except for air-conditioning of 
large assembly spaces, where considerable fresh air must be 
introduced under peak occupancy conditions. The exhaust 
system should contain a heat exchanger such as a thermal 
wheel or counter-flow device for air to air heat transfer 
or an air to water to air loop to permit the regain of en- 
ergy that would otherwise be wasted. Spaces such as science 
rooms, kitchens, toilets, locker rooms, should maintain a 
negative pressure to prevent the transfer of odors into 
adjacent spaces. 

Outside air . Rooms without provision for chilled air or 
water will rely primarily on the introduction of outside 
air to prevent interior temperatures from rising due to 
local heat sources such as lights or occupants, ^is air 
introduction is to be considered separately from that re- 
quired for basic metabolic functions which will be discussed 
under Ventilation. The outside air for cooling can be 
supplied either mechanically or by air pressu2*e differen- 
tials or Cavity. Wherever possible, utilize non* 
meehanical (open windows) to ensure adequate cooling aii*. 
Where mecha,nical means are required, the system is to be 
isolated from the base ventilating system either physically 
or by its control system* TtiiB is to ensure that regards- 
less of air quantitites introduced for temperature eontroli 
suffieient outside air will be supplied for metabelie needs. 
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Provide additional comfort at elevated temperatures by 
ensuring air movement which, results In surface evaporation 
at the skin. Ihls can be accomplished using oscillating 
fans , celling fans , low speed wall fans , or it can be ac- 
complished by the exhaust system. (Air movement does not 
require air removal.) 

Mechanical Refrigeration 

Provide chilled air to portions of the building. 

1. Design Standards* 
Outdoor - 880 F D.B. 75 F WB 
Indoor - 78° F D.B. 60% RH 

2. Chillers are to be selected based on energy sources 
available and demand for heat; removal. 

3. Primary distribution is to be chilled water. 

1*. It is recommended that smaller rooms (offices, class^ 
rooms, etc.) be heated and cooled with fan coil units of 
adequate size and number, individually controlled. In this 
-iray, the cooling function can be maintained separate from 
the metabolic outside air requirements. 

5. Larger rooms (auditorium, ^mnasium, etc.) utilize 
chilled air from the local air handling unit. 

6. With reduced exhaust requirement, no heat recovery 
is anticipated related to localized chilled water systems. 
Large, chilled air systems may utilize the same heat re- 
covery systems used for heating. 

7. If centralize! air distribution is to be used, use 
variable air volume systems. Avoid terminal reheat systens 



♦based on AgHHAB H&ndbook of^FundSffleoti^Jj « 19T8 
Ch. 33, Table 1, 3i data; MYC Central fmrk 
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I # VENTILATING a) Provide adequate ventilation at all times for the health 

of the occupants. 

"b) Avoid introduction of excessive outside air at times 
when inside air is being heated or cooled. 

c) Avoid introduction of outside air to spaces which are 
unoccupied. 

d) Utilize non-mechanical, energy- free means of providing 
ventilation wherever possible. 

e) Design ventilation systems to insure that basic outside 
air requirements for metabolict well being are provided. 
Outside air for cosmetic odor and thermal @&ntrOl will 
not be included in this basic level. Supplemental out- 
side air for these applications may be introduced by two 
stage controls on the primary system or by secondary 
systems. 

Item "d" may be in partial conflict with items "b" aad "c" 
in that it is more difficult to control exact air flow with 
non-mechanical means. One basic approach to this situation 
is to use mechanical means to insure basic adequate venti- 
lation and operable windows to supplement this when higher 
levels are desired on the assumption that when thiB occupants 
of the room desire additional outside air, it is due to the 
fact that the outside air is closer to desired conditions 
than inside. When this is the case, thermostatic controls ^ 
if working properly, will not be calling for heating or 
cooling or, if they are, the outside air will be between 
the inside air conditions and the desired conditions and 
will therefore reinforce rather than interfei*© vith the 
mechanical conditioning system. 

Ihis approach involves the education and cooperation of the 
occupants of the spaces. It seems reasonable that as 
d-9/l public aw&i'enege of the problems of enei^^ use ineyeases* 
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the willingness to cooperate will increase as will iieial 
and administrative pressures. If this turns out not to be 
the case, mechanical and electronic devices can be instanc- 
ed tc override the various local options in systeiu opera- 
tion. !Ihese might include an interlock system which would 
prevent windows from being opened while mechanical heating 
or cooling was taking place. Because of the inherent prob«« 
lems associated with complex systems and the added cost, if 
cooperation can be achieved, the non«automated approach 
seems preferable. 

Ventilation has an effect on energy use in schools in two 
areas. It uses electrical energy directly to operate fans 
and motors. This amounts to about 23% of the electricity 
used. It discharges heated or cooled air to the outside 
in order to admit the quantity of air called for, for 
ventilation. Additional energy is required to heat or cool 
the replacement air. This is responsible for about 65% of 
the heating or cooling load. In energy terms ^ in the com- 
plete New York City school system, this represents about 
17 million gallons of oil, 6? thousand tons of coal and 
80 million kwh per year at **pre-crisis" use rates « 

Research and observation Indicate several important aspects 
of ventilation as it is currently provided: 

1. Standeo'ds for minimum quantities of outside air are far 
in excess of actual requirements averaging about three 
times more than necessary based on 3 cfte/occupant for 
sedentary uses and 1^ cfm/occupant for high activity 
areas . Adoption of these basic standards would result 
in an immediate savings of almost k3% on the heating 
load. In a typical new building, this would mean a sav« 
ings of about 225 gallons of oil per year per msf of 
building.^ At current prices, this would yield an annual 
savings of about $73* The electric savings would not be 
in direct relation to the reduction of fan sises but a 
reduction in load of 30% can be anticipated. This would 
yield a saving of about 290 kwh/yr/msf or $21/yr/msf. 
Ihus, a reduction in outside air requirements of two^ 
thirds the current standards would yield a saving of 
about $100/yr/msf . 

2.. In general r all fanb are turned on half an hour or more 
before classes begin ^d are often run several hours 
after the last scheduled class on the basis that some 
rooms will be used for after school programs. In ad^^ 
; dltion, various spaces are imused for portions of the 
regular school day. ' ^Is includes the auditoriuffl (un- 
used about t3% of the time) and gymnasium (about i$% of 
the time). After school hourf^y the percentage of use 
drops drastically. If a control system v^re available 
to permit these areas to be taken off the ventilating 
system vhen they were not in udei an additional ^5% 
savings could easily be realised, fhls i/ould yield an 
fkdditlonal savings of 2? gallons/yr/msf « If thd bulld« 



Ing were reqxiired to conform to existing ventilation 
requirements , and the system operated only when re- 
quired the savings would be over 80 gal/yr/msf . 

The ventilation rates proposed are minimum rates designed 
to provide for all metabolic needs under normal thermal 
conditions. At times when additional outside air Is re- 
quired to dissipate internal heat gain. It can be Intro- 
duced by using open windows or by providing a step up In the 
system that would only be used for excess heat. (See sub- 
report d-3 'Building Skin'.) Tiie recommendations which 
follow are in response to the above considerations. 

a) nie basic criterion for outside air introduction 
shedl be 3 cfm/occupant based on maximum projected 
occupancy of space. 

b) The following major spaces shall be provided with a 
ventilation rate greater than 5 cfto/occupant: 

Gymnasium - 15 cfta/participant 

5 cfm/spectator 
Cafeteria - 15 cfm/occupant 

Note: where cafeteria is to be used as an In- 
structional space, a two-level system Is to 
be provided which can supply 5 or 15 cftn/occu- 
pant depending on useige. 

Locker Rooms - when possible , interconnect the 
exhaust system from locker rooms with the 
gymnasium so that the air that is introduced 
for gymnasium ventilation is vitiated throu^ 
the locker area and exhausted through fans In- 
terlocked with the gymnasium supply system. 
Where this is not feasible and a separate Sup- 
ply is used, proA/ide 15 cfte per occupant i and 
exhaust through sheet metal ductwork conneeted 
to the lockers. Ventilation air supply for 
the lockers should be independent of heating 
requirements . 

Toilet Rooms - 50 cfm/ fixture shall be eidiaus- 
ted from toilets. Makeup air shall be fzx)m 
adjacent areas. 

c) Labs, shops, kitchen which have equipment which ex- 
hausts air directly shall have appropriate mikeup 
outside air introduced near the eqidpment and co- 
ordinated with the duct fan. 

3. Provide zoning with independent control for ventilating 
systems. The zoning should correspond to that of the 
heating system. When a portion of the building is In 
use, only the amount of space in use will be heated 
and ventilated. will affect both fuel-oil and 



electricity usage. 



In addition, it is recommended that several of the 
classrooms with automated lifting 'be fitted with 
automated ventilation controls integrated into the con- 
trol system which would shut down at the end of each 
period and start up only if the room was in use as in- 
dicated by the activation of any device in the room. 
In this way, any time a cl€tssroom remained emipty l^or 
a period, the heating load would be reduced by the 
amount normally required to heat that incoming air. 
This automation could be achieved in several ways: 

a) Provide exhaust registers with mechanized dampers 
tied to the central signal system. Hie exhaust 
function woiad be handled by a conventional roof 
fan eqiiipped with a variable speed motor which 
would modulate fan speed based on the positions of 
all dampers of grilles which it served. 

b) Provide individual esdiaust fans similar to residen- 
tial kitchen fans for each room feeding into a 
common chase. These fans would be controlled by 
the central signal system. 

Provide clearly described ventilation zones with all 
controls directed from a single console conveniently 
located for custodial staff. 

This system would closely resemble current practice of 
using roof top fans serving small groups of classrooms 
and individual, indirect heating and cooling systems 
for major spaces, such as auditoriums and gymnasium. 
Die system would be designed, however, to ensure that 
no one classroom would rely on more than one fan for 
its ventilation. In addition, all controls would be 
taken to a single point so that a custodian supplied 
with a schedule for the day could operate only those 
fans which were actually required for each period, 
nils operation could, in fact, be automated and rela- 
ted to the program clock. The desirability of this 
would have to be evaluated by weighing the possible 
energy savings resulting from the automation against 
the complication, expense and control system energy 
use required by its installation. In a system with 
controls in a centralized console there Is some danger 
that it might discourage flexible programming and . 
classroom use, since each change would have to be tied 
In with a change at the central control point # 

An alternative to automation woiad be an Information 
system related to the program clock which would con- 
trol 2 li^ts, one red when the fan is not required 
and one green vhen the fan Is # A third lights green ^ 
would indicate that the fan Is actually running. At 
eaeh periodi the operator would slaply make sure that 
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whenever a green program signal ll^^t was on, a green 
fan Indicator was also on and where a red light was 
on» that the green was not on. This could , In addi- 
tion » be coupled with an end of period automatic off 
function req\ilrlng that fans be consciously activated 
every forty- five minutes, at the start of the next' 
classroom activity • 

5* Provide seasonally variable ventilation rates by util- 
izing different fan motors or, in the case of belt- 
driven fans, several pulley ratios. Ihls approach is 
particularly applicable to existing installations 
where it can be used to achieve ventilation rate modu- 
lation with a minimum capital input. 

1. Ventilating will refer to that outside air required for 
healthy maintenance of metabolic functions. 

2. Hie basic ventilation rates for areas other than those 
listed below will be 5 cubic feet per minute (cftn) per 
occupant when space is occupied (Building Department 
approval is required). Utiis is based on: 

a) Study performed by the National Bureau of Standards 
in conjunction with this report. 

b) Dr, Ralph Nevins* report Included as an appendix to 
this report. 

c) Latest ASHRAE recommendation. 

3« the following spaces shall be provided with a ventila- 
tion rate greater than ^ cfta/occupant: 

gymnasium - 1^ cfm/participant 

5 cfm/spectator 
cafeteria - 15 cfm/occi5)ant 

5-15 cfta/occupant , if used as instruc- 
tional space 

labs - 5 cfm/occupant plus special exhaust 
shops - 5 cf)n/occupant plus special exhaust 
kitchen - as detexmined by e^diaust requirements 
locker rooms- 15 cfta/occupant 
toilets - 50 cfm/flxture 

U. Ventilating systems will be zoned to be coterminous 
with heating system zones so that after-school uses 
can be carried out with the least introduction of out- 
side air by operating the fewest number of zones re- 
quired, nils will affect both fuel-oil and electricity 
usage. In addition, it is recommended that several of 
the classrooms with automated lighting be fitted with 
automated dam|)ers Integrated into the conrol system 
which would close at the end of each period and open 
only if the room was in use as indicated by the aetl-* 
votlon of any device Ifi the room. In this way^ any 



time a classroom remained empty for a period, the 
heating load would be reduced by the amount normally 
required to heat that incoming air. 'She fan serving 
those damper-controlled areas will be variable speed 
controlled by SCR devices such as Triacs (section 
d-ll) responsive to the damper position. 
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10 # DOMESTIC a) Provide a source of domestic hot water which will have 

HOT WATER an output similar to the demand in order to avoid in- 

efficiencies resulting from partial load of boilers* 



b) Minimize transmission losses. 

j) Utilize low temperature heat to pre-heat incoming street 
water. 

d) Provide hot water at lowest practical temperature. 

During the winter the main heating boilers will provide the 
primary source of heat for domestic hot water. However^ at 
times when there is no space heating demand, even the 
smallest boiler will be grossly oversized as the source . 
for domestic hot water. Thjs makes necessary either boiler 
operation at fractional loading, which is hij^ly ineffici- 
ent, or large storage capacity to permit ftill loading of 
the boiler for a period of time and the "coasting*^ on the 
accumulated hot water. The problem with large storage 
facilities is that they lose heat to the surrounding en- 
vironment while standing. The alternative is to provide 
a secondary heat source such as a gas or distillate, oil 
fired heater to satisfy demands for hot water when there 
is no demand for space heat. In this way, the system ean 
operate with small storage and rapid recovery without the 
need for a large boiler on continuous standby. 

There ^e several ways of reducing heat loss during trans- 
mlssi (* 

The distance from hot water generator to point of use dfifi 
be reduced by (l) clustering hot water consumers in eoiiJpaet 
groupings, (2) placing these groupings as dlose td the hot 
water source as possible, (3) providing a reoote hot watej? 
source for large consumers which must be located f&t fl?0a 
the prime generation point. If distribution funs difl be kept 
very short, an adddd advan^jg^ill be the ellmlnatldn of 
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the need for a circulating system. This results in sub- 
stantial savings in piping costs as well as in reduced 
heat losses. 

Domestic hot water temperatures of 100® P are sufficient 
for virtually all school activities except dishwashing 
which requires l80° F water. This can be accomplished using 
small boosters where the hi^est temperatures are actueuLly 
required. The difference in water teniperature from lUO° F 
to 100*^ F will reduce the differential with anibient tempera- 
tures by about half with a corresponding saving in conduc- 
ted heat loss. 

Hiere are processes which take place in buildings which re- 
lease heat generally considered to be waste, either because 
there is no apparent demand for heat, or because the heat 
is produced at a tengperature too low to be used. Ilhese in- 
clude any erfiausts from engines, cooling tower water, con- 
densate from steam absorption chillers, blow-dowaa water 
from boilers and heat captured from eadiaust air. In addi- 
tion, low technology solar collectors can produce relatively 
low temperature warm water. Ttiia can be used to heat or 
pre-heat water coming from the main into the building. If 
domestic hot water is distributed at 100° P, a nuniber of 
these "low teniperature" sources will actually provide the 
total heating required. 

Insulate hot water lines carefully, particularly in shafts, 
crawl spaces and furred spaces where lost heat does not 
contribute even to winter heat reqixirements . 



Faucets 



Reduce the pressure of hot water at lavatories, 
self-closing faucets. 



Provide 



Maintenance Establish regular program of hot water faucet maintenance 

to eliminate leaking faucets. 

Where total energy or selective energy systems are antici- 
pated, the "wasta heat" from mftjor generation points should 
provide for the entire domestic hot water needs. 
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11 # CONTROLS * The effective control of systems which consume fuel in their 

operation, either directly or indirectly, is essential for 
energy conservation for a series of closely related but dis- 
tinct reasons, 

a) Activation of systems when tasks actually being per- 
formed require their services* 

b) Activation of systems when exterior conditions tend 
to move interior conditions outside pre-selected 
limits • 

c) Activation of systems serving the least c^rea consis- 
tent with task requirements. 

d) Activation of systems at the lowest levels consistent 
with task requirements. 

The corollary to this also applies. Whenever conditions do 
not require the use of these fuel-consuming systems, the 
systems will be deactivated. 

In short, mechanical and electrical systems should be con- 
trolled to provide their services only where and to the 
degree they are actually required. This aspect of control 
is particularly important in an approach to building which 
stresses reliance on utilisiing the natural environment 
since this will only result in an energy saving when the 
systems which can be replaced with these natural services 
are, in £*act, deactivated. 

ThQ energy efficieney of the building is related to the 
accuracy, specificity, and flexibility of the system. 
Those controls that regulate the effidieney of cdmbustion 
systems — the burners, the oil flo^r, the stack tempera- 

*Seetion prepared with the assistance of Karl Sklar, 
^-11/1 Oyster Bay, New York. 



6rlX/2 tures, etc. are fairly standard. 

Cbntrois 

*Ihe controls that affect energy use at the point of utili- 
zation, and those controls that permit greatest advantage 
to be taken of external conditions merit more discussion 
here. 



Ihere are major savings available in such key systems in 
schools as lighting, heating and ventilating. If lighting 
can be used only when it is needed and where it is needed 
and in the intensity needed, possibly 50 percent of this 
large energy user might be eliminated. If, after readjust- 
ing ventilation levels to more appropriate levels, it was 
ailso put into effect only when spaces were occupied, not 
only would the fan motor energy be reduced, but the energy 
to heat or cool the excessive replacement air would be un- 
necessary. If heating and cooling were adjustable on a 
space by space basis, this would save the energy that goes 
into spaces that are in larger zones than the activity or 
occupancy pattern. 

TJie purpose of the study is to point out the improvements 
in control systems that could be incorporated in the proto- 
type school to keep down energy use. . 

The opportunities in control systems range all the way from 
an individual operating a single piece of equipment (a light 
bulb on a pull chain) to an automatic system that calls for 
light at a perimeter section, if the room is occupied and 
if the light level of the lighting system is required. 

Solid State Solid state electronic technology can currently be adapted 

Controls to building control systems with great promise. Because of 

its tremendous capabilities, its use requires special cau- 
tion. Virtually all solid state devices are highly suscep- 
tible to automation. There are times when this can be a 
highly useful approach; however, it can also prove to be 
negative if applied indiscriminately. The ease of automa- 
tion increases the possibility of this happening. The 
problems which occur are four- fold but interrelated. First, 
an automated system will never anticipate all the variations 
resulting from human interactions and has no ability to re- 
spond to iinforeseen situations. Second, in order to mini- 
mize these unforeseen happenings, there is a tendency to 
design buildings and systems to preclude these situations, 
thus making them less sensitive to actual conditions and 
more dependent on these automated systems. 'Biird, the re- 
moval of responsibility of environmental control from in** 
structional spaces can have a negative educational value in 
'that it provides a false picture of the relationship of 
people to the spaces that they inhabit, that is^ that in a 
well designed environment, they can consciously modify con- 
ditions to meet their needs and^ in addition, have the re- 
sponsibility to do it with sensitivity to energy use, 
pollution, etc* Fourth, the control of the environment by 
^ ^ an ••unseen hand^^ is very likely to promote a sense of help* 
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lessness in the occupants of a building. This is very 
Controls likely to turn to resentment and rage towards the building 

and what it represents . 

On the other hand, a building which involves all of those 
who use it in its operation and control, is much more like- 
ly to be viewed sympathetically. 

Control systems are composed of the following components. 

Sensor - determines the ambient condition of 

the environmental factor under considera- 
tion. 

Evaluator - determines the relationship of the exist- 
ing ambient conditions to pre-selected 
parameters . 

Respondor - determines the appropriate mode for the 
system under control. 

Operator - carries out the actions required to place 
the system in the desired mode* 

In addition to the functions listed above, means of trans- 
mitting information between functions must exist. In some 
cases, two or more functions me^y be combined into a single 
component. An example of this is the typical residential 
thermostat which senses the ambient temperature, determines 
whether it is within a prescribed zone and closes a contact 
which is, in effect, a master switch. The effect of clos- 
ing this switch must then be transmitted to the secondary 
operators (solenoids, ignitors, pump switches, etc.) at the 
burner. In many cases, some of the functions are carried 
out by direct human response. This is the case when a per- 
son enters a room, decides that it's too dark for whatever 
he intend^ to do, walks to a wall-switch and turns on a 
light. In this situation, the person acts as the entire 
control system, sensing, evaluating, deciding on an appro- 
priate response and operating that part of the lifting 
system which will effect the desired results. There are 
obvious limitations and penalties related to this type of 
control system; however, since for the most part, mechani- 
cal systems in school buildings are utilized to satisfy 
human needs and desires, a human sensor and evaluator will 
frequently produce the most satisfactory responses. 

The desire for selectively supplied mechanical and electri- 
cal services implies greater subdivision of the systems. 
For manually operated sub-systems, this requires that the 
person controlling the sub-system have physical aeeess to 
the system itself. In some oases, veiy simple meehanidal 
devlees extend a person's normal eapacity (such af^ a pull 
chain), making possible the operation of a switch loeated 
In a fixture at the celling* ^Is type of device has the 
^ advantage of simpllelty, reliability and obvious eause* 
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^~ll/h effect relationship; however, its range and capacity ar? 

Controls limited. As a result, a number of mechanical, electrical 

and electronic systems have been developed. Recent develop- 
ments and refinements (currently or shortly to be available) 
greatly increase the feasibility of utilizing a substantiAX 
degree of individual remote control. Some of these applica- 
tions have been mentioned in the sections on specific sys- 
tems; however, a somewhat more complete description, of the 
control and signal devices follows. 

Electrical Switch- The function of these devices is to effect the actual switch- 
ing Relays ing function in an electrical circuit based on receiving a 

signal from some remote point. The main advantage is that 
it is not necessary to extend the circuit under control to 
the point at which the switching decision is" made. Instead, 
the circuit itself can be minimized and a means for trans- 
mitting the signal provided from the control point to the 
operating point. 

Bi-State Relays Bi-state (on-off ) relays have one of two basic mod€!S of op- 

eration. They can be mono-stable or bi-stable. Mono-stable 
relays will go to one position (either on or off) unless 
they are actively receiving a signal to move to the opposite 
state. Bi-stable relays will stay in whatever position they 
are in unless they have received a signal to change. Bi- 
stable relays can function with a single signal in Y»^hich 
case each time a signal is received, they change to the op- 
posite jiosition. They can also function with a dual signal 
in which case each signal selects one or the other state. 
If the relay is already in the state selected no change 
will occur. 



Mono-Stable Relays 



Bi-stable Relays 



Solid state Relays 




Mono-stable relays have several advantages and at least one 
distinct disadvantage. They can be utilized in "fail-safe" 
systems by employing the stable state as an emergency mode 
so that the interruption of a signal will cause the system 
to shift to this mode. It also automatically coordinates 
all relays which are operating from a common signal. The 
disadvantage is that the signal must be constantly present 
during one mode of operation. 

Bi-stable relays with sequential response to a single Signal 
are applicable in situations where one signal operates one 
relay. Problems develop when more than one relay responds 
to a single signal due to the fact that any relajr which, 
for any reason is out of phase with the rest, will remain 
out of phase. 

Bi-stable relays which respond to specific selective signals 
have the advantage of being automatically eoorditiated and of 
being stable in whatever position they are in. The disad- 
vantage is that they require the capacity to distinguish 
between the two si pals. 

Ihe actual switching function can be carried out eithet* by 
conventional meehanieal make-break contacts or by solid 

* ' 127 



chll/5 
Controls 



Multiplex 
Signaling 



ERIC 



state controls, SCR (silicone controlled rectifier) being 
the most coiranon and useful general type of device currently 
in use, The advantages of these solid state control devices 
include the fact that they have no moving parts, resulting 
in lower operating wear and they are considerably less ex- 
pensive than mechanical relays. They currently tend to 
produce RF (radio frequency) interference, the degree being 
related to the specific design, and this drawback must be 
borne in mind should SCR devices be used. The commercial 
availability of this type of relay is quite recent so the 
price and availability factors are changing rapidly; how- 
ever, at the time that control devices are actually selec- 
ted they will merit veiy serious consideration* 

Multiplexed control systems which are presently undergoing 
rapid development and growth are distinct from conventional 
electrical control systems in that instead of having a 
separate wire or set of wires running from each switch to 
the appropriate devices, a single transmission line con- 
nects all devices being controlled* The system is basic- 
ally composed of a small transmitter which, in effect, re- 
places a series of wall switches, a receiver at each of the 
devices being controlled, and a line connecting the trans- 
mitter with the receivers, The transmitter introduces, into 
the line, signals which are "addressed"^ that is, electroni- 
cally coded* Once a signal is in the line, it travels to 
all of the receivers, however, only those which ore k^edto 
the specific code (have the some address as the signal) will 
respond. 

The major factor making multiplexing feasible is the evolu- 
tion of solid state technology, that is, transistors, in- 
tegrated circuits, etc. This has made possible compact, 
reliable units which can be economically competitive with 
other systems. This is the same technology which has pro- 
duced $3t98 radios and $30.00 pocket calciilators . 

Multiplexed control systems offer the following advantages 
over conventional systems: 

1. The amount of actual wiring required is drastically re- 
duced. 

2» The number of devices which can be separately control- 
led using a single si^ial line is limited only by the 
capacity of the electronic gear. 

3. Ihe control patterns are totally flexible within the 
capacity and range of the system, that is , any point or 
group of points along the slgial line ean be asslped 
or reassigned to any address. This differs from a eon« 
ventlonal system where onee wiring has been run from a 
switch to a device, the pattern Is relatively firmly 
established. 

k. The system has virtually no moving parts greatly In** 
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creasing reliability. 

The instructions which the transmitter puts into the line can 
be manual or automated. Manual controls can be given using 
a series of buttons similar to a push button telephone. 
Automated controls could come from a program clock » a sensor 
such as a photo cell, thermostat or smoke detector, or a com- 
puter. Before automation is selected, the drawbacks describ- 
ed at the end of this section should be fully weired. 

Multiplexing, then, is simply the ability to put on a single 
path different signals which can be identified and sorted out 
at any point along that line. The most versatile approach to 
addressing signals and having them give proper instruction is 
digital multiplexing in which binary numerical numbers are 
used to represent all transmitted information. A brief de- 
scription of a prototypical system follows. 

As described earlier, the characteristic of the multiplexed 
system which makes it desirable is the common signal line or 
bus which can replace large numbers of individual control 
circuits. For the example under consideration, the bus can 
select any of 102k points (based on a 10 bit binary address 
the explanation of which follows). In order to use this 
single path to control large numbers of points, it is neces- 
sary to "address" each signal to specified locations, so that 
those and only those points desired respond to that signal. 
This is accomplished by an electronic device called a digital 
multiplexor which transmits, in rapid succession, instruc- 
tions to each point. Each instruction is preceded by an ad- 
dress . Each remote point is equipped with a receiver which 
(a) responds to signals bearing its address and ignores all 
others and (b) interprets the instructions following the ad- 
dress. To this must be added the capability of executing 
the actual control called for by the instruction, generally 
some form of mechanical, electric or electronic relay. Thus, 
the basic elements in the system are the multiplexor, the bus 
and the receivers. In actuality, the unit at the device be- 
ing controlled may transmit information as well as receive 
it. That unit, along with the actual operator is referred to 
as a bus interface unit in that it handles the entire transi- 
tion between the bus and the device in question. In addition, 
a device is connected to the multiplexor which either gener- 
ates and responds to information processed by the multiplexor 
or displays this information to permit manual operation. 
This device with the multiplexor is called a central opei^at- 
ing unit. 

A simple exait^le of a manual system is a nufflber nf light flx« 
tures each equipped with a power source which is totally in* 
dependent of control, a relay switch, and a bus interface 
unit with a unique address i a signal bus and a central con- 
trol unit consisting of a multiplexor and a series of on- 
off si pal buttons, one for each bus interface unit with 
unique address. When it is desired to operate a specific 
li^t, the'button corresponding to the selected address is 
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pressed, the multiplexor converts the information (which 
button has been pushed) into a numerical code which includes 
the address assigned to the button and the desired operation 
signified by pressing the button. This signal is introduced 
into the bus where it goes to all receivers in the system; 
however, only the one with the specific address responds by 
becoming susceptible to the instruction which follows and 
in turn, responds to the instruction itself. 

A more complex system involving both a two-way flow of in- 
formation and automation could be illustrated by a lifting 
control system designed to insure a certain minimum lij^t 
level at a point where natural light input is a significant 
but variable factor. This system would be composed of (a) 
a series of sensors (photo cells) evaluating conditions in 
specific areas related to specific light sources, bus inter- 
face units which identify where information is coming from 
and what the information is, (b) 6l series of lights with 
bus interface units which permit instructions to be selec- 
tively received, (c) a central operating unit consisting of 
the multiplexor which enables the single bus to handle in- 
formation and signals from and to a large number of identi- 
fiable points, and a small computer which interprets the 
information, selects the appropriate course of action and 
issues instructions to the multiplexor for transmission to 
the appropriate device and (d) a bus connecting all bus 
interface units and the multiplexor which permits a two- 
way flow of information. 

A system with three zones, each with a sensor and li^t, 
mij^t be described as haying sensors A, B and C which moni- 
tor areas affected by lights 1, 2 and 3 respectively. The 
central operating unit "polls" each of the sensors, one at 
a time. It sends a signal to each sensor bus interface tmit 
which triggers it to release to the bus the information which 
it generates. This is in the form of a series of pulses 
which represent binary bits. This information is then taken 
from the bus at the central operating unit and given to the 
computer which determines whether it is in an acceptable 
range. If the level coming from sensor A is too low, it 
"instructs" light 1 to increase its output by transmitting 
addressed signals via multiplexor and bus. If the level is 
higher than required, the computer will instruct that li^t 
1 reduce its output. These increases and decreases can be 
achieved in very small increments since even a modest system 
can "poll" hundreds of points in one second. The central 
operating unit then goes on to poll sensor B and so forth. 
Ihis sequential information gathering and signal sending is 
the basis for digital multiplexing. Because of the speed it 
which immense nutabers of binary digits (0 or 1) caft be pro- 
cessed, it is possible to send large quantities of short 
messages one after another on a single path. By repeating the 
entire series of messages every second or so and designing 
the bus interface unit to wait for a succeeding si^&l or 
two before initiating a change in the system it controls » it 
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is possible to send and receive selectively to large numbers 
of points losing this single path. 



There are several advantages to using multiplexing as opposed 
to unique signal carriers. The first is that large numbers 
of functions can be controlled from a single point with a 
minimum of wiring. The second, and perhaps the most Impor-* 
tant is that adjustments, tuning, etc. cem be carried out 
without requiring changes in the physical installation of 
the control system. A signal directed to bus interface unit 
B, for example, will get to the derired unit no matter where 
on the bus it happens to be at any particular time. This 
type of flexibility can be achieved either by actually mov- 
ing the interface units from one location to another or by 
having them adjustable to repond to different addresses. 



Binary Numbers The advantage of using binary rather than decimal systems 

for electronic information handling is that each digit or 
bit is described €ts being in one of two states which is 
signaled by a positive or negative pulse. With a decimal 
system it would be necessary to be able to signal ten states 
for each digit. Thus, while binary numbers require more di- 
gits than decimal numbers for equivalent Information, it is 
simpler and more reliable to use them in electronic communi- 
cation. In describing the addressing of locations, the 
number 102l| was mentioned. This is the decimal equivalent 
of binary 1111111111 which is the largest quantity 
that can be represented by a ten bit binary figure. A t^rpi- 
cal address, say 31*3 in decimal would be represented m 
010101011 I2 (binary). 
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Specific recommendations for system controls are includ«^d in 
each section where systems are described. At the time of 
this writing, the availability of solid state devices iia*^* 
eluding multiplexed control systems is rapidly increasing 
with a corresponding reduction in cost. The present sch(8fedp* 
ule requires the installation of control systems In about 
twenty-two months. By that time, it is anticipated that 
most of the hardware discussed will be commonly available, 
compact, reliable and economically competitive with meehanl'^ 
cal equivalents. If this is the case, a portion of the 
control functions should be aceomiplished using solid state 
systems . 
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summaries of 
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The following are brief summaries of detailed field 
observations and statistical data contained In the sub-- 
reports which provided the background information for 
this report. 

FUEL AND Fuel use records for all New York City public schools were 

ELECTRICITY USE tabulated and categorized. Selected sanqples were sub- 

IN NYC SCHOOLS Jected to monthly and systemic analysis. The resulta 

of emergency energy saving measures due to the 1913^1^ 
'•crisis* were evaluated. 

Annual fuel oil use averaged 523 gal/msf /yr 

7.32 X 10' btu/msf/yr 

Annual coal use averaged „ 3.25 tons/msf/yr 

9.1*9 X 10' btu/msf/yr 

Electricity use in oil heated schools averaged 

3861 kwh/msf/yr 

Electricity use in coal heated schools averaged 

3110 kA/h/msf /yr 

Total heating load averaged 

6.78 X 106 btu/student/yr 

Total electricity load averaged 

289 kwh /student /yr 

Total source fuel averaged 10.72 x 10 btu/student/yr 

Energy use variations resulting from size and age group- 
ings appear to be related primarily to age^ with older 
buildings using more fuel oil and less electricity. 

The major areas of energy input into Nev York City schools 

erJc ?.32 



e/2 are heating and lighting. Ventilating consumes a sub- 

Sumnaries of stantial quantity of electricity and is responsible for 

Sub-reports the greatest part of the heating load. 

Emergency-Energy Saving Measures instituted by the Nev 
York City Board of Education resulted in average savings 
of 2k. k percent of fuel oil and 20 ,0 percent of electri- 
city usage in the sixteen sampled schools when compared 
against ^he same months for the past three years. 

Observed light levels in twenty classrooms have estab- 
lished that the normal eye has a remarkable ability to 
adapt to widely ranging light levels. Measurements taken 
in twenty classrooms have reinforced these findings. The 
following observations were made; (l) Light intensities 
were found to be extremely irregular. As reflected in 
the light contours of the twenty classroom diagrams, 
light conditions ranged far above and below currently 
accepted standards, (the New York City Manual of School 
Planning, 1971 specified 60 foot candles). (2) Light 
levels were generally unrelated to the tasks being per- 
formed. (3) With few exceptions, artificial illumination 
was in full use, even though daylight, on a clear morning 
was adequate in a substantial portion of the classrooms. 
(1*) Light control devices were generally used in a hap- 
hazard manner, unrelated to actual needs. (5) Chalkboards 
were invariably poorly lighted. Neither artificial light 
nor natural light had been directed toward the chalk- 
boards. (6) Teachers and students appeared unaware of. the 
wide fluctuations of light intensities. (?) Light levels 
fluctuated from minute to minute as clouds reduced the 
amount of sunlight entering the rooms, reducing maximum 
light by two thirds. (8) Teachers and pupils were un- 
aware of light differences of 100 times and over in the 
observed classrooms (6 fc and 800 fc recorded in the same 
space) . 

Analysis of Observed Ventilation Performance . Tests were 
conducted in actual classrooms to observe the effects of 
various ventilation rates. According to the studies con- 
ducted by the National Bureau of Standards, and by Dr. 
Ralph G. Nevins the following ventilation rates were found 
to be sufficient end safe: 



OBSERVED 

ENVIRONMENTAL 

CONDITIONS 



1, General ventilation 

for most activities 5 cfto/occupant 

2. Ventilation in areas of 

intense physical activities 15 cfm/occupant 

SCHOOL LIGHTING Survey of Lighting Literature and Comparative Listing of 

Lighting Standards . Light level specifications vary widely 
as indieated by a survey of lighting standards recdfijaended 
by government agencies, lighting industry spokesmeni 
professional organizatidns, scientists and others Interest- 
ed in the subject of school lighting. Included in the 
Study are excerpts from the literature on light level 




e/3 determination, lifijhting and ocular hecuLth., and daylifi^titing 

Suinmarles of of schools, 

8ub«*report8 

As evident fJrom the chart, "School Lighting Standards; A 
Comparative Listing of Li^it Levels", there is little con- 
sensus over the "ideal" light level for schoolrooms. Class- 
room lighting recommendations, for example, range from t iQ 
fc (British Government minimum stajidards of 10 lumens/sf); 
to 30 fc (New York State Education Department minimum re- 
quirements for Public Schools, 1973); to 60 fc (Manual of 
School Planning for New York City Public Schools); to 70 fc 
(illumination Engineering Society recommendations from 
•Lighting Handbook' 5th ed. , 197^ • Actually, the debate 
over li^t levels appears to be mostly theoretical, since 
li£^t, in a partially daylighted space, cannot be held to 
an exa^ct footcandle level* As observed in the 20 classrooms 
(sub-report g-l)) light levels ranged far above and far below 
the 60 fc currently restuired by the Board of Education. It 
is important to note that teachers and pupils were generally 
unaware of the wide li^t level fluctuations, and that these 
fluctuations did not appear to interfere with the learning 
process. 

Of particular interest in the debate over school lighting 
are the opinions of independent scientists and educators 
whose special concern has been the subject of vision and 
light. Part two of the sub- report summarizes these findings 
in a survey of the literature on light level determination, 
lighting and ocular health, and daylighting of schools. 
Britain's Building Research Station has found that at least 
four-fifths of school children achieved good standards of 
vision at 10 lumens/sf and could see well enou^ to do nor- 
mal school work, such as reading 3/^'* hi^ writing on chalk- 
board at a distance of 30 feet. 
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In the U.S., the data of Miles A. Tinker reveal that visual 
acuity increases rapidly as light intensity is increased 
from below 1 f c to !> fc and then gradually increased up to 
25 - UO fc. As the illumination intensity is further in- 
creased up to 100 fc or even above 1,000 fc, the improve- 
ments in acuity are sli^t. Taking into consideration also 
the effect of eye adaptation on visual efficiency, he con- 
cluded that 15 -25 fc were adequate light intensities for 
sustained reading of books and magazines; 25 * 35 fc for 
reading of small print. 

Effects of Light Levels on Reading Scores . In an attempt to 
determine whether the modernization program carried out by 
the Board of Education of New York had any effect on the 
performance of pupils, standard reading/ comprehensioti scores 
recorded in schools before and after modernization were com* 
pared with scores recorded in unaltered schools. The mod- 
ernization program Included the increase of artificial 
lifting from 5 - 7 fc to a design level of 60 fc* 
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Ihe test results from 18 classes have been plotted (sub<* 
report h-3) and from these charts the following generaliza- 
tions cBJi be made: 



During the six-year period, the average of reading scores 
of all schools declined. 

The modernized schools showed improved relative performance 
in the year immediately after their renovation. 

Two years after the renovation, the modernized schools 
showed a relative decline and returned to- approximately the 
same relative position from which they started. 



EDUCATIONAL TASKS Observation of Typical School Tasks . This study consisted 
AND ENVIRONMENTAL of an investigation into the typical activities of a 
CONDITIONS • school. A team of observers-architects and meiribers of the 

New York Board of Education recorded possible teaching/ 
learning activities, and listed concurrently: 1. The type 
of student grouping (students working singly, in small 
groups, in standard class sizes or larger); 2. The presence 
of teachers, para-professionals or other personnel; 3. The 
types of teaching aides or special equipment; h. The space 
designation (classroom, art room, shops and specialized 
teaching spaces, auditorium, cafeteria, corridor, library, 
gymnasium, staff offices); and 3. The actual student sta- 
tions (desks, carrel station at equipment, etc.). 
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Assignment of desirable environmental values for Lighting ^ 
Temperature > and Ventilation . Environmental values were 
assigned to each of the separate tasks, based on direct ob- 
servation, on the studies outlined in this report and in 
the various sub- reports, and on surveys of the pertinent 
literature. 



^y separating the educational activities into their com- 
ponent parts, it was possible to be more specific in as- 
signing values to the "desirable environmental conditions". 
In the area of lighting, for example, this itemized system 
has made it possible to assign light intensities to each 
specific task. In contrast to the currently prescribed 
imiformly high light levels (60 - 70 fc based on the light 
requirements of the most exacting task within each space), 
the alternative method suggests a lower ambient li^t 
level, supplemented by li^t sources focused directly onto 
specific educational tasks. This method offers several 
advantages: First, it avoids fixed illumination levels 
which tend to be monotonous and fatiguing. Second, the 
brightest liglit levels will be concentrated on those teach- 
ing/learning areas on which the attention of the student 
should be focused. "Hiirdj it is expected that by these 
means a large part of the electric consumption of a gehool 
o_ can be reduced. 
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10 ANNUAL The energy use In New York City schools was eveduated In 

ENERGY USAGE several different vays. 

FOR ALL SCHOOLS 

Annual usage for all schools . Based on the record keeping 
methods of the New York City Board of Education, this was 
hroJ'an down Into foiu* major subgroups: 

a) Fuel Oil Usage 

b) Coal Usage 

c) Electricity Usage In Oil Heated Schools 

d) Electricity Usage In Coal Heated Schools 

More detailed evaluation was based on samples taken from 
the oil heated schools because of the greater similarity of 
these schools to schools currently being constructed, which 
In turn are the nom on which variations leading to the new 
prototype are based. This Information is reported in this 
section. 

Annual Fuel Oil and Electricity Usage by Bvdldlng Size . 
This Information is reported In section f-2. 

Annual Fuel Oil and Electricity Usage by Building Age . This 
Information Is reported In section f-2. 

Monthly Fuel Oil and Electricity Usage . ThiB Information is 
reported in section f-3. 

Profile of Energy Consumption in !lVpica3, Building (!0ieoreti- 
cal) Uiis informatldn Is reported in section f-5. 

Profile of Energy Consumption in Selected School BullilngiL* 
School #6 of the examples in the MoHthly Fuel Oil and Slee« 
tricity Usage section was subjected to a detailed analytils 
by the National Bureau of Standards. Recorded data^ on- 
site visits and careful review of the uonstruetlon drawinp 
provided the basis for a cofiiputer slmulationi using the 
^^^1/1 NBSLD program. The ;*esulting projection of ener^ use were 




compared against the actual recorded fuel use. Ttie results 
Fuel and are included in the NBS Phase I Interim Report (a companion 

Electricity Use document). 

Preliminary Analysis of Energy-Saving Measures Initiated by 
the Nev York City Board of Education 197 This infor- 
mation is reported in section f-5. 

The fuel oil use records of 1*99 schools were evaluated for 
patterns and variations related to the mean consumption. 
The sample represented 56,68? maf of building area. The 
average size of sample was 113 msf . Data were taken for the 
year 1972-73. A total of 29,6Ul,068 gallons of oil was con- 
sumed. The mecji for the schools was 519 gal/msf, standard 
deviation was l^h gal/msf and the weighted average was 523 
gal/msf, 210 buildings were above the average, 289 below it. 

The portion of fuel use of the 210 high consumption schools 
which is above the weighted average accounts for 2,738,800 
gallons of oil annually or about 10 percent of the total; 
769,100 gallons of this amount (almost 30 percent) were 
used by 10 buildings ranging in size from 208 to 39^ oaf. 
All but one of these schools were built before 19UO (aver- 
age age, h2 years, average size 296 msf). Eight schools in 
a similar size range (280-375 msf) but built after 1950 
(average age 10 years) showed an average fuel oil usage of 
U32 gal/msf/yr, over 17 percent below the overall average. 



ANNUAL FUEL 
OIL USAGE 
PATTERNS 



Small schools, those below 50 msf also showed a relatively 
hi^ overall energy use pattern. Twenty-two of the 39 
buildings in this category were above the average in fuel 
oil usage. In this size range, the six buildings built af- 
ter 1950 exhibit a very high fuel use average of 727 gal/ 
msf/yr. From 50 to 59 msf, the average for schools built 
after 1950 drop? to 527 gal/msf/yr which is slightly above 
the overall average. From 60 through 69 msf , the average 
is 563 gal/msf/yr and from 70 to 79 msf the average is 550 
gal/msf/yr. 

The middle range of school sizes, 80 to 18O msf, exhibits 
fuel use patterns sharply lower than the extreme. This 
group includes 285 buildings comprising a total of 33fl66 
msf (59 percent of the total) yet it used 15,915f8Uo gal- 
lons of fuel oil in 1972-73 {3^ percent of the total). 
These buildings use an average of hOO gal/msf/yr, showing 
a saving of 1*3 gal/msf/yr when compared with the overall 
average. It should be pointed out that this group was al- 
so built recently, having an average age of 19 years. 
Eighty-eight of the buildings in this group are above the 
weighted average use of 523 gal/msf/yr and 197 below it. 
That is 31 percent of the buildings in this group have 
above average use as opposed to the overall group in whidh 
h2 percent are above average. Of the 88 schools in this 
middle rajnge which are above the average, 38 of the 88 were 
built before 1950. If the range were further narrowed to 
o include only schools built after 1950, the data would be as 



f-1/3 
Fuel and 
Electricity Use 



ANNUAL ELEC- 
TRICITY USAGE 
PATTERNS 



CONCLUSIONS 



ERIC 



follows: The sample is 23k schools having a total area of 
27,602 niff ai-.d a fuel consumption of 12,621,031 gallons for 
an average of k51 gal/msf/yr. Fifty of this group or about 
21 percent fall above the weighted average for the total. 
The group shows a standard deviation of 110 gal/msf/yr from 
a mean of 1*65 gal/msf/yr. These buildings between 80 and 
180 msf in area and built after 1950 comprise k9 percent of 
the original sample (all oil-heated New York City Board of 
Education Schools) and used k2h percent of the fuel oil. 
If the 51 percent of the sample which remains (buildings 
under 80 msf, over I80 msf or built before 1950) performed 
as efficiently, the total fuel oil consmnption would have 
been 25,905,959 gallons of oil for the 1972-73 season, or 
a saving of 3,735,000 gallons. It can be said that this 
selected group of schools uses 12^ percent less fuel per 
unit area than the overall group. If the. low- energy- use 
half of the sample discussed above is compared with the high- 
energy-use half (li57 gal/msf/yr against 585 gal/msf/yr) the 
middle range schools use almost 22 percent less fuel oil per 
unit area. 

The electrical energy use records of li6l schools were evalu- 
ated for patterns and variations related to mean consumption. 
This group was taken from the U99 oil-fired schools. 
Schools with incomplete electric records were deleted from 
the sample. The sample represented 5k,2lk msf of building 
area (averege size per school II8 msf). Data were taken 
for the year 1971-72. A total of 209,32li,17l* kwh was used 
resulting in an overall average of 3,86l kwh/msf/yr for the 
entire sample. The sample had a mean for all schools of 
3,637 kwh/msf/yr and a standard deviation of 1,1|03 kwh/msf/ 
yr. Ttie schools from 80 to I80 msf were analyzed. This 
group included 269 schools with a total area of 30,671 msf. 
The electrical use for these buildings was I08,61*8,li99 kwh 
or an average of 3,5l*2 kwh/msf/yr. When the schools built 
before 1950 are dropped from the saaiple, it becomes a total 
of 222 schools having a total area of 95»^71 msf, a total 
annual electricity usage of 91,^*^*9,099 kwh or an average of 
3,590 kwh/msf/yr and a standard deviation of lM5 kwh/maf/ 
yr from a mean of 3,883 kwh/msf/yr. It is interesting to 
note that in this case, unlike that for fuel oil, the effect 
of the older buildings in the sample is relatively 8maJ.l. 

The smaller schools, 0 to 79 msf included 139 buildings with 
a total area of 8,581| msf and a total annual electric use 
of 26, 31*1*, 085 kwh for an average of 3,069 kwh/msf/yr, and 
a standard deviation of 1,206 kwh/msf/yr from a mean of 
3,126 kwh/msf/yr. 

Schools larger than I80 msf included 53 buildings having a 
total area of ll+,960 msf and a total annual electric use of 
65,817,300 kwh or an average of l4,liOO kwh/msf/yr. 

These data raise several significant questions regarding the 
energy consumed in the sample. In the ease of the fuel oil 
use, it is useful to isolate the factors which have led to 
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the pronounced drop in use in more recent buildings in or- 
Fuel and der to codifV or reinforce these factors in new New York 

Electricity Use City school buildings and to mke the accumulated working 

knowledge obtained by the Board of Education available to 
other building agencies wh?ch rio not have the same experi- 
ence. It is also important to identify the factors which 
have resulted in the wide range of usage patterns within 
each group. These looal variations are also important with 
respect to electrioal usage, since these records indicate 
wide fluctuations from building to building without estab- 
lishing the same clear pattern of change shown by the fuel 
oil usage. 



Performance of 
Equipment and 
Fuel Use 



The first factor which can be cited in the reduction of fuel 
oil use in recent buildings is the improved performance of 
new equipment. Boiler efficiencies have steadily increased, 
control and monitoring equipment heu3 progressed and delivery 
devices have become more precise in their performance • It 
should be pointed out that this holds true for buildings 
which use the standard method of low pressure steam to con- 
vectors or radiators in most areas, and coil-heated air to 
large spaces such as the gymnasium and auditorium. The 
observed experience thus far with more complex systems is 
that they use considerably more fuel oil in their operation* 
It is worth noting that the major failings of these systems 
(unit ventilators with dan5)ers controlling outside ai/) seem 
to result directly from their multiplicity of controlled op- 
erations, and from the failure of these operations to func- 
tion properly. The consequences are over-delivery of heat 
and lack of proper maintenance of these systems due to the 
inability of a conventionally sized school maintenance staff 
to deal with the complex equipment. 



Control of Energy 
Loss by Conduction 
and Infiltration 
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A second factor of major importance is the improved thermal 
performance of component parts of buildings. This relates 
to both factory and field assembled elements and includes 
control of energy loss by conduction and infiltration* Re- 
cent standards adopted by the Board of Education have rein- 
forced the trend in this direction, however, it will be 
several years before the results of these standards begin 
to app'^ar in the records. Of particular concern in most 
school construction is the roof since schools, being rela- 
tively low buildings, have a high percentage of roof area* 
The following up-dated design criteria were specified by 
the Division of School Buildings on February 27> 197^2 



A. 
B. 
C. 



D. 



Walls shall havo U-value of 0*10 
Roofs shall have U-value of 0.12 
Double-hung windows: the air infiltration per- 
mitted Shall not exceed .250 cfm/running foot 
of sash perimeter at a wind velocity of 25 tt^h. 
Projected-type windows: the air infiltration 
permitted shall not exceed .125 cfm/running foot 
of sash perimeter at a wind velocity of 25 aph* 
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Configuration A third importaoit factor in fuel use is the configuration of 

of Building the building package itself. Newer building techniques and 

and Fuel Usage mechanical systems have permitted lower floor- to- floor 

heists thereby reducing the amount of exterior surface 
which acts as a radiator to the outside. If a 100 ft by 
200 ft by four-story building has a floor-to- floor hei^t 
reduced from 15'0^^ to 12'0", this results in a 20 percent 
reduction in exterior wall surface or a 13 percent reduction 
in total exterior surface, including the roof. It is impor- 
tant here to note the difference between useful and wasted 
exterior surface. The typical recent school building with 
5'0" to 6'0" high windows running continuously along the 
outside walls of the classrooms is potentially an energy 
saving arrangement (see studies on 'Building Skin' and 
'Solar Energy') due to the ability to capture natural light, 
ventilation, and in some cases, heat, which compensates for 
the added heat loss throu^ glass. On the other hand, it is 
generally desirable to hold to a minimum those exterior 
walls that do not take advantage of the natural environmen- 
tal services available. Ihese walls serve only as a means 
of uncontrolled transmission of energy to the outside. It 
is worth noting two school buildings observed which could 
be described as "wlndowless" i.e., windows were provided 
only to give visual contact with the outdoors but not used 
to modify in any way the interior environment. These 
buildings, although in the low fuel use grouping by age 
and size, exhibited extremely high fuel oil consuinption, 
one having the seventh highest use per sf of all 1*99 
schools observed. 
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Fuel Oil 

Number of Schools 
Total Gross Area 
Annual Oil Usage (72-73) 
Btu Equivalent 

Coal 

Number of Schools 
Total Gro3S Area 
Annual Coal Usage (71-72) 
Average Annual Coal Usage 
Btu Equivalent 



1*99 
56,678 msf 
29)6141,068 gallons 

523 gal/msf/yr 
7.32 X 10 T btu/msf/yr 

35,263 msf 
11^,632 tons 

3.25 tons /msf /yr 
9.h9 X 10 i btu/msf/yr 



Electricity in Oil-Heated Schools 

Number of Schools ^ h6l 

Total Gross Area '5l*»2ll* msf 

Annual Electricity Usage (71-72 ) 209 , 32l*,17'* kwh 

Average Annual Usage 3,86l kwh/rasf/yr 

Btu Equivalent at School 1.32 x lOT btu/msf/yr 

Btu Equivalent at Generator 5.27 x lo''' btu/msf/yr 

Electricity in Coal-Heated Schools 

Number of Schools kSl 

Total Gross Area 35»590 msf 

Annual Electricity Usage (71-72) 110,703,317 kwh 

Average Annual Electricity Usage 3,110 kwh/msf/yr 

Btu liisi-Tivalent at School I.06 x 10 ''^ btu/msf/yr 

Btu Equivalent at Generator h.2h x lo''' btu/msf/yr 

Total Heating Load 

Btu Equivalent of Oil Used = U.15 x 10^2 btu/yr 

Btu Equivalent of Coal Used = 3.35 x 10^^ ttu/yr 

Total Btu Equivalent 7.50 x 10^2 ^tu/yr 

The Current School Population is 1,106,80Q stadents 
resulting in: 6.78 x 10° btu/yr /student 

Total Electric Load (at Generator) 
Total Electricity Used 

in Oil-Heated Schools: 209,32U,17l* kwh/yr 

Total Electricity used 

in Coal-Heated Schools: 110, 70 3 « 317 kvh/yr 

320,027,i*9l kwh/yr 



Which results in 

Btu Equivalent at School 

Btu Equivalent at Generator 



289 kwh/yr/student 
0.99 X 105 btu/yr /student 
3. 91* X 10° btu/yr /student 



Total Source Fuel Use by New York 
City Board of Education 

Btu Equivalent Total 11.87 x lOj^ btu/yr 

which results in 10.72 x 10" btu/yr /student 
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Annual Fuel Oil and Eleetrlelty Usa aje by Building Size. A 
series of building size ranges were selected and the average 
annual energy usages for all buildings within each range 
were determined. Ohe results of this study are shown in 
figures f-2/1 to f-2/1*. Purpose of the study was to deter- 
mine whether there was any correlation between building size 
and energy use. It was anticipated that the major factor 
affecting these groupings would be the differences in pro- 
grams of small (generally, elementary schools) and large 
(generally, hl^ schools) buildings. Plotting of the data, 
however, produced no clear relationship between size and 
energy use. What was observed is that because building 
programs stressed certain typ*s of schools at certain times,, 
the different size categories have distinctly different av- 
erage ages. When these average ages were plotted against 
fuel oil use, it was possible to g-snerate similar trends.. 
This was primarily important in suggesting the next evaluap 
tion since the results of these plots is of limited use due 
to the fact that the actual spread of ages is not shown, 
ae average years of construction of the schools and the 
number of samples in each range, are also shown in the illus- 
trations . 

Annual Fuel Oil and Electricity Usag e bv Building Age. tChe 
same group of buildings evaluated in the. previous study were 
rearranged into groups based on the year of completion. 
Each group covered a ten-year period. The results are shown 
in figures f-2/5 to f-2/8.'nie purpose of this study was to 
determine whether there was any correlation between the 
time when a building was constructed and energy use. Ihe 
major factors anticipated as affecting these groupings are 
changes in building configuration » eonatructioii standards, 
mechanical teehnoloj^ and the general wear and tear on the 
ol^r buildings. A clear pattern was found in fuel oil use 
showing a steadily decreasing consuiaptlon for newer sohools. 
The average sizes of the schools and the number of samples 
in each range are idso shewn in the illustrations. 
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Area 

(NYC B of E 
Definition) 



Average Year 
of 

Completion 



Dumber of 
Schools 
in Sample 



msf 








20 - 


30 


1922 


7 


1*5 - 


55 


191*6 


8 


65 - 


75 


191*8 


51 


95 - 


105 


1952 


20 


lk5 - 


155 


i960 


30 


185 - 


215 


1931 


6 


235 - 


265 


191*5 


19 


285 - 


325 


191*8 


7 


325 - 


375 


191*3 


k 


375 - 


325 


1930 


2 



gal /msf/ 
Deg. Day 
1970-1973 



.1U3 
.133 
.126 
.107 
.093 
.125 
.123 
.111 
.lUl 
.115 



ALL SCHOOLS 
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.118 



Note: Data supplied by Board of Education, City of New Y6rk 
Division of School Building, Office of Fuel Management. 
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Fual and 
Electricity Use 



Area 

(NYC B of E 
Definition) 



Average Year 
of 

Completion 



Number of 
Schools 
in Sample 



msf 








20 - 


30 


1917 


6 


h5 - 


55 


19U6 


8 


65 - 


75 


19U8 


he 


95 - 


105 


1951 


19 


11*5 . 


155 


i960 


29 


185 - 


215 


1931 


6 


235 - 


265 


19»*5 


20 


285 . 


325 


19>^8 


7 


325 - 


375 


19»*5 


3 


375 - 


U25 


1930 


3 



kvb/msf/yr 
1970-1971 



2996 
3129 
3059 
U107 
3618 

3293 
U799 
U076 

357U 
319U 



ALL SCHOOLS 



IU9 



3668 



Note: Data supplied by Board of Education « City of New York 
Division of School Building, Office of Fuel Management. 
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Year 


Average Area 


Number of 


gal/msf/ 


of 


(msf ) 


Schools 


Deg. Day 


Completion 


in Sample 


1970-1973 


1900-1909 


32 


k 


.11*6 


1910-1919 


120 


2 


.155 


1920-1929 


2h6 


9 


,lh6 


1930-1939 


180 


16 


.139 


19^0-191+9 


92 


12 


,13k 


1950-1959 


118 


39 


.123 


1960-1969 


II+9 


U8 


.096 


ALL SCHOOLS 




130 


.131* 



Note: Data supplied by Board of Education, City of New York 
Division of School Building, Office of Fuel Management 



FIGURE f-2/5 
LOW ENERGY 
UTILIZATION 
SCHOOL 
FUEL OIL USE 
BY AGE 
OP SCHOOL 
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8 8 8 ° 



I 1 1 1- 



H — 



z 
o 

UJ 
CL 



III 
>- 

iii 



V 



/ 

/ 



lU 

a 

Z 

(/I 
-I 

8 

X 

!!; 



Ul 



o 



8 



o 

z 

5 



Ul 



< 

K liJ 
CD • Ul 

Sui C 



Ul 

Mi 
Ul 

ft 



^ 01 



(/I 



Ul 



GALLONS OF No. 6 FUEL OIL / MSF/ DEGREE DAY 
(AVERAGE 1970-73) 



ROS&A-74 



148 



lsSU& 

Fuel and 
Electricity Use 



Year 


Average 


of 


Area 


Completion 


(msf) 


1900-1909 


kQ 


1910-1919 


100 


1920-1929 


2U5 


1930-1939 


167 


I9U0-I9U9 


109 


1950-1959 


llU 


1960-1969 


135 



ALL SCHOOLS 



number of 


kwh/mef/yr 


Schools 


« » 

-.1 ' 


in Sample 


1970-1971 


6 


3U20 


3 


3093 


9 


U215 


15 


3630 


12 


3725 


36 


3507 


U6 


U056 


127 


366U 



Note: Data supplied by Board of Education, City of New York 
Division of School Building, Office of Fuel Management. 
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USE BY 
ACE OF 
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USAGE OF 
SELECTED 
SAMPLES 



Monthly Fuel Oil and Electricity Usage. The monthly records 
of fuel oil and electricity use for sixteen recent inter- 
mediate and high schools were gathered and are presented on 
the following pages. Of particular interest within the in- 
formation covering each school is the comparison of the 
three years 70-71 to 72-73 with 73-T^. In November and 
December 1973* an emergency effort towards energy conserva- 
tion was made in response to the fuel crisis. 
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f«3/3 SCHOOL NO. l! High School, Brooklyn 

Fuel and "~ Year of Completion: 196k 

ELectrieity Use 



BUILDINQ DESCRIPTION 
Size: 2kQ mf 

Floor to Floor Height: 10 '-8 5/8" 
Type of Construction: reinf. cone. 
Skin: U" glazed brick, 2" air, 6" block 
No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: k2% 
Ratio: Window Area to Typical Classroom Area: 19% 
Ceiling Height of Typical Classroom: 8'»$" 
Roof Insulation: 2" 



BOILER PLANT 

No. of Boilers: k 

Burner Capacity: 6 gal/hr 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum return 

oype of D.H.W. Generation: heat exchanger 



VENTILATION SYSTBi 

Type: open window 

Type of Exhaust System: central fan 

Cfm/Typical Classroom: ?60 

Air-Conditioning: none 



Gymnasium Auditorium 

CFM : 20,U00 21,100 

% Outside Air: 100 100' 

Recirculation: yes yes 

Controls : manual manual 



ELECTRICAL 

Watts/sf Typical Classroom: 2,U Fixtures: fluorescent 
Watts/sf Corridor: 0.92 Fixtures: fluorescent 

Total Fan H.P. : 93 
Total Pump H.P.i negligible 
FIGURE f«3/l: Total Refrigeration H.P.: none 

Q TOOOL NO. 1* Electric Kitchen: yes 
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PIGURK f-3/2: 
SCHOOL N0« 1 




ELECTRICITY USAGE 
SCHOOL No.1: HIGH SCHOOL, BROOKLYN 



SIZE; 248 HSr 

YgAA Of COMPLETION: 1964 
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FIGURE f-3/3: 
..SCHOOL NO. 1 
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SCHOOL NO. 2 ! HIGH SCHOOL, QUEENS 

Year of Cowpletion: I960 



BUILDING DESCRIPTION 
Size: 2h6 mt 

Poor to Floor Hei^t: i 11 '-0" 
Type of Construction: NA 
Skin: brick, 2" air, 6" block 
No. of Levels: 

Ratio: Window Area to Skin Area of lypical 

Classroom Elevation: M 
Ratio: Window Area to TVpical Classroom Area: lk% 
Ceiling Heigjht of IVpical Classroom: NA 
Roof Insulation: NA 



BOILER PLANT 

No. of Boilers: h 

Burner Capacity: 62 gal/hr 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum return 
lype of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



Type: open window 
Type of Exhaust System: central fan 
Cfm/ Typical Classroom: 560 
Air-Conditioning: none 



CFM ; 

% Outside Air: 
Recirculation: 
Controls : 



Gymnasium 
21,000 

100 
yes 
manual 



Auditorium 
19.200 



ELECTRICAL 

Watts /sf Typical Classroom: 2.75 Fixtures: fluorescent 

Watts/sf Corridor: 1.3 Fixtures: fluorescent 

Total Fan H.P.: 100 

Total Pump H.P.: negligible 

Total Refrigeration H.P.: none 

Electric Kitchen: yes 
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f-3/11 SCHOOL NO. 3: INTERMEDIATE SCHOOL, MANHATTAN 

Fufl, and Yea*- of Completion: 1966 

Electricity Use 



BUILDING DESCRIPTION 
Size: 170 msf 

Floor to Floor Height: 10 '-6" 
lype of Construction: reinf. cone. 
Skin: U" brick, 2" air, V block 
No. of Levels: 3 

Ratio: Window Area to Skin Area of Oypical 

Classroom Elevation: 0% 
Ratio: Window Area to Typical Clssroom Area: 0% (windowless 
Ceiling Height of Typical Classrm: 8' -O" school) 
Roof Insulation: lightweight cone, fill of varying depth 



BOILER PLANT 

No. of Boilers: 3 

Burner Capacity: 99 gal/hr 

Type of Boiler: fire box 

Heating System: hot water 

Type of D.H.W. Generation: heat exhanger 



VENTILATION SYSTM 

Type: unit ventilators & fan coils 
Type of Exhaust System: central fan 
Cfm/Typical Classrm: 550 
Air-Conditioning: absorption type 



G ymnasium Auditorium 

CFM : '6.91*0 13,700 

% Outside Air: 100 100 

Recirculation: yes yes 

Controls : auto auto 



ELECTRICAL 



Watts /sf Typical Classrm: 5-5 
Watts /sf Corridor: 2.5 
Total Fan H.P.: 80 
Total Pump H.P.: 120 
Total Refrigeration K.P.: none 
Electric Kitchen: yes 



Fixtures: 
Fixtures : 



fluorescent 
fluorescent 
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SCHOOL NO. l^t HIGH SCHOOL, BROOKLYN 

Year of Con^letion: 1958 



FIGURE f-3/9J 
SCHOOL NO. k 



BUILDING DESCRIPTION 
Size: 300 msf 

Floor to Floor Height: 11 '-U" 

lype of Construction: reinf. cone. /waffle slab foors 
Skin: 1*" brick, 2" air, 6" block 
No. of ,Levels: 3 

Ratio: Window Area to Skin Area of IVPical 

Classroom Elevation: ^6% 
Ratio: Window Area to liypical Classroom Area: 
Ceiling Hei^t of Typical Classroom: 8'-0" 
Roof Insiilation: 



BOILER PLANT 

No. of BoiJj^s.: k 

&irner Capacity: 60 gal/hr 

^e of Boiler: fire box 

Heating System: steam radiation/vacuum return 
lype of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 

Type: open window 
Type of Exhaust System: stack 
Cfta/Typical Classroom: 560 
Air-Condi toning: none 



CFM : 



Gymnasium 
21,600 



Auditorium 
33,000 



?50utside Air: 

Recirculation: 

Controls 



100 
yes 
;nanual 



100 
yes 
manual 



ELECTRICAL 



Watts/sf Typical Classroom: 

Watts /sf Corridor: 

Total Fan H.P.: 80 

Total Pump H.P.: 

Total Refrigeration H.P. : 

Electric Kitchens yes 



Fixtures : 
Fixtures : 
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f,3/l 9 SCHOOL NO. 5: HIGH SCHOOL, QUEENS 

Fuel and Year of Completion: 1955 

Electricity Use 



BUILDING DESCRIPTION 
Size: 311 msf 

Floor to Floor Heij^it: 10' 8 5/8" 
oype of Construction: reinf. cone. 
Skin: h" brick, 2" air, 6" block 
No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 39^ 
Ratio: Window Area to Oypical Classroom Area: 19^ 
Ceiling Hei^t of l^pical Classroom: 10* -8" 
Roof Insulation: 



BOILER PLANT 



No. of Boilers: 
Burner Capacity: 
lype of Boiler: 
Heating System: 



65 gal/hr 
fire box 

steam radiation/vacum return 



Type of D.H.W. Generation: heat e.whanger 



VENTILATION SYSTIM 

Type: open window 
oype of Exhaust System: central fan 
Cfm/Typical Clas 560 
Air-Conditioning: none 



Gymnasium Auditorium 

CFM : 32,500 38,750 

% Outside Air: 100 100 

Recirculation: yes yes 

Controls: manual manual 



FIGURE f*3/12: 

ERIC 



ELECTRICAL 

Watts/sf lypical Classroom: 2.5 Fixtures: fluorescent 

Watts/sf Corridor: 1 Fixtures: incandescent 

Total Fan H.P.: 135 

Total Pump H.P. : negligible 

Total Refrigeration H.P.: none 

Electric Kitchen: yes 
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SCHOOL NO. 6 ; HIGH SCHOOL, QUEENS 

Year of Completion: 1966 



BUILDING DESCRIPTION ; 
Size: 281* msf 

Floor to Floor Height: 12' -8V' avg. 

lype of Construction: steel, cone, floor slabs 

Skin: k" brick, 2" air, 6" block 

No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 29% 
Ratio: Window Area to Oypical Classroom Area: lh% 
Ceiling Height of Topical Classroom: 9* -O" 
Roof Insulation: 



BOILER PLANT 

No. of Boilers: k 

Burner Capacity: 99 gal/hr 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum return 
Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



Type: open window 
Type of E:diaust System: central fan 
Cfm/iypical Classroom: 56o 
Air-Conditioning: electric centrifugal 



Gymnasium Au ditorium 

CFM : li5,000 "23,600 

% Outside Air: 100 100 

Recircxaation: yes yes 

Controls : auto auto 



ELECTRICAL 

Watts/sf lypical Classrm: 2.3 Fixtures: fluorescent 
Watts/sf Corridor: 1 Fixtures: fluorescent 



Total Bkn H.P.: 230 
Total Pump H.P. : kO 
Total Refrigeration H.P.: 260 

FIGURE f*3/15: ELeetrie Kitchen t 
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S CHOOL NO. 7 ; HIGH SCHOOL, QUEENS 

Year of Completion: 19^5 



BUILDING DESCRIPTION 
Size: 23h msf 

Floor to Flo0r Hei^t: 10' -O" 
Type of Construction: reinf. cone. 
Skin: h" bricls, 2" air, ^" block 
No. ©f Levels: 3 

Ratio: Wtei'^w Area to ikin Area of Typical 

Classroom Elevatioia: 3S% 
Ratio: Windo\? Area to lypicea Classroom Area: 19% 
Ceiling Height of 1|rpical Classroom: 9' -O" 
Roof Insulation: l" 



BOILER PLANT 

No. of Boilers: h 

Burner Capacity: 113 gal/hr 

lype of Boiler: fire box 

Heating System: steam radiation/vacuum return 
Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



Type: open window 
lype of Ejdiaust System: 
Cfm/TVpical Classroom: 
Air-Conditioning: none 



central fan 
5^0 



CFM: 

% Outside Air: 
Recirculation: 
Controls : 



Gymnasium 
51,000 

100 
yes 
auto 



Auditorium 
36,000 

100 
yes 
auto 



ELECTRICAL 

Watts/sf Typical Classroom: 2.75 Fixtures: fluorescent 
Watts /sf Corridor j 0.85 Fixtures l fluorescent 

Total Fan H.P.: 125 
Total Pump H.P.: negligible 
Total Refrigeration H.P.s none 
FIGURE f-3/18: Electric Kitchen: 
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FIGURE f-3/19: ^^^^^^ ^ = .If^a.^M^.^^^ ' "^^^ 

SCHOOL NO. 7 . YIAR or CONSTAUCTION: 196d 1166 4 A ••74 
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S CHOOL NO. 8 ; HIGH SCHOOL, BRONX 

Year of Completion: 1969 



BUILDING DESCRIPTION : 
Size: ^ 371 msf 

Floor to Floor Height: 11' -O" 

lype of Construction: steel, cone, floor slab 

Skin: brick, 2" air, 6" block 

No. of Levels: 3 

Ratio: Window Area to Skin Area of Topical 

Classroom Elevation: 50% 
Ratio: Window Area to Typical Classroom Area: 19% 
Ceiling Hei^t of Typical Classroom: 8' -9" 
Roof Insulation: 2" 



BOILER PLANT 

No. of Boilers: 1* 

Burner Capacity: 93 gal/hr 

Type of Boiler: compact 

Heating System: steam radiation/ vacuum return 
Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 
Type: open window 

Type ofvi^xhaust System: combination central feui & stack 
Cfm/Typical Classroom: 56O 
Air-Condi tioning: none 



Gymnasium Auditorium 
CFM: 52,000 33,600 

% Outside Air: 100 100 

Recirculation: yes yes 

Controls : auto auto 



ELECTRICAL 

Watts/sf lypical Classroom: 2»3 Fixtures: fluorescent 
Watts/sf Corridor: 1 Fixtures: fluorescent 



Total Fan H.P.: 130 
Total Pump H.P.: negligible 
FIGURE f-3/2l: Refrigeration H.P.: none 

SCHOOL NO. 8 Electric Kitchen: yes 
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FIGURE f-3/21: 
O SCHOOL NO, 8 

ERIC 1?S 



f-3/35 SCHOOL NO. 9 ; HIGH SCHOOL, QUEENS 

Fuel and Year of Completion: 196h 

Electricity Use 



BUILDING DESCRIPTION 
Size: 25h msf 

Floor to Floor Height: 10' -0" 
lype of Construction: reinf. cone. 
Skin: h" brick, 2" air, 6" block 
No. of Levels: 3 

Ratio: Window Area to Skin Area of lypical 

Classroom Elevation: 50% 
Ratio: Window Area to lypical Classroom: 9' -3" 
Roof Insulation: cone, topping 



BOILER PLANT 

No. of Boilers: h 

Burner Capacity: 113 gal/hr 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum return 
lype of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 

lype: open window 
Type of Exhaust System: central fan 
Cfm/iypical Classroom: 5hO 
Air-Conditioning: none 



CFM: 

% Outside Air: 
Recirculation! 
Controls : 



Gymnasium 
51,000 

100 
yes 
manual 



Auditorium 
36,000 

100 
yes 
manual 



ERIC 



ELECTRICAL 

Watts/sf Typical Classroom: 2.85 Fixtures: fluorescent 
Watts/sf Corridor: 0.85 Fixtures: fluorescent 

Total Kan H.P.: 125 
Total Pump H.P.: negligible 
FIGURE f-3/2U: Total Refrigeration H.P.: none 

SCHOOL NO. 9 Electric iQtchen: yes 
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PIGtJRE f-3/25; SCHOOL No. 9 : HIGH SCHOOL, QUEENS 

gj^^ SCHOOL NO. 9 ' JLTT' ^^^^ ^^c^ietiON: 
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SCHOOL MO. 10 ; HiaH SCHOOL, BROOKLYN 

Year of Coiqpletlon: 1969 



BUILDING DESCRIPTION 
Sizer hoh msf 

Floor to Floor Hei^t: 10' -5*5 " 

lype of Construction: reinf. cone. /cone, waffle slabs 

Skin: brick, 2" air, 6" block 

No. of Levelc: h 

Ratio: Window Area to Skin Area of TypiceuL 

Classroom Elevation: 37?^ 
Ratio: Window Area to lypicol Classroom Area: lk% 
Ceiling Height of lypical Classroom: 10' -0" 
Roof Insulation: 2" 



BOILER PLANT 

No. of Boilers: I* 

Burner Capacity: 115 ged/hr 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum retum 
lype of D.H.W. Gneration: heat exchanger 



VENTILAilON SYSTEM 

py-pe: open window 
Type of Exhaust System: centraJ. fan 
Cfm/ Typical Classroom: 56o 
Air-Condi tioning: none 



Gymnasium Auditorium 

OFM : tT,000 39 ♦500 

% Outside Air: 100 100 

Recirculation: yes yes 

Controls:. auto auto 



ERIC 



ELECTRICAL 

Watts/af Typical Classrm: 2 Fixtures: fluorescent 

Watts /gf Corridor: 0.8 Fixtures: fluoresesnt 



I Total Fan H.P.: 220 

^ */*H, negligible 

PIOUBE f-3/27} Total Refrigeration. H.P.: none 

SCHOOL NO. 10 Electric Kitchen: Yes 
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SCHOOL NO. 10: HIGH SCHOOL, BROOKLYN 
gj^C-SCHOOL NO. 10 r j^gQ . 



Fuel and 
Electricity Use 
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f^3/U3 SCHOOL NO. 11; Intermediate School, Brooklyn 

Fuel and Year of Completion! 1970 

Electricity Use 



BUILDING DESCRIPTION 
Size: 169 msf 

Floor to Floor Height: 10 '-6" 

Type of Construction: steel, cone, floor slab 

Skin: h" brick, 6" block, no air space 

No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: Ul% 
Ratio: Window Area to Typical Classroom Area 13% 
Ceiling Height of lypical ClassrocMa: lO'-O** 
Roof Insulation: 



BOILER PLANT 

No. of Boilers: 3 

Burner Capacity: 63 gal/hr 

IVpe of roller: fire box 

Heating System: steam radiation/vacuum return 
lype of D.H.W. Generation; heat exchanger 



VBiNTILATION SYSTiM 

type: open window 
lype of Exhaust System: stack 
Cfm/Typical Classroom: $60 
Air-Conditioning : 



Gymnasium Auditor ium 

GFM : 22,600 15,750 

% Outside Air 100 100 

Recirculation: yes yes 

Controls : auto auto 



ELECTRICAL 

Watts/sf Typical Classroom: Fixtures t 

Wiitts/df Corridor: Fixtures: 

Total Fan H.P.: 52 

Total Pump U.P*: 
FIGURE f«3/30t Total Refrigeration H.P.: 
SCHOOL NO* 11 Eleetrle Kitehen: 

ERIC 183 



Fuel and 
Electricity lUie 




1000 




JASON OjrMAMJ 

MONTH 

ELECTRICITY USAOE 



SCHOa NO. 11: INTERMEDlATe SCHOOL, BROOKLYN 

FIGURE f-3/31{ 
SCHOOL NO, 11 
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Fuel and 
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f«3/U7 SCHOOL NO. 12 ; High School, Brooklyn 

Fuel and Year of Completion: 1969 

Electricity Use v 



BUIUINQ DESCRIPTION 
Size: 282 msf 

Floor to Floor Height: 11 '-9" 
Type of Construction: steel, cone. Floor slab 
Skin: 10 i/2" masonry, 2" air, 3" plaster 
No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: ^9% 
Ratio: Window Area to l^pical Classroom Area: 21^ 
Ceiling Height of Typical Classroom: ll'-3" 
Roof Insulation: 2" 



BOILER PLANT 

No. of Boilers: h 

Burner Capacity: 93 gal/hr 

oype of Boiler: fire box 

Heating System: steam radiation/vacuum return 
Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



lype: open window 
lype of Exhaust System: 
Cfm/Typical Classroom 
Air-Conditioning: 



centra} fan 
560 



none 



CFM: 



Gymnasium 
56,150 



Auditjorium 
357I00 



% Outside Air: 
Recirculation: 
Controls : 



100 
yes 
auto 



100 
yes 
auto 



ELEOTRICAL 




PlQimS f-3/33 
SCHOOL NO. 12 



Watts /sf Typical Classroom: 2 
Watts /8f Corridor: 1.5 
Total Pan H*P« : 230 
Total Pump H«P.: negligible 
Total Refrigeration HtP^: none 
Electric Kitchen: yti 



Fixtures : 
fixtures : 



fluoreaeent 
fluordseent 
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SCHOOL NO. 13: Intermediate School, Brooklyn 

Year of Completion: 1963 



BUILDING DESCRIPTION 
Size: 188 msf 

Floor to Floor Height: 10' -6" 
Type of Construction: reinf. cone. 
Skin: brick, 2" air, 6" block 

No. of Levels: 3 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 52% 
Ratio: Window Area to Typical Classroom Area: 37?^ 
Ceiling Height of laical Classroom: 10' -0" 
Roof Insulation: 

I . " r 



BOILER PLANT 

No. of Boilers: h 

Burner Capacity: 

Type of Boiler: fire box 

Heating System: steam radiation/vacuum return 
TVpe of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



Type: open window 
Type of Exhaust System: 
Cfm/Typical Clas'jroom: 
Air-Conditioning : 



central fan 

560 

none 



CFM ; 

% Outside Air: 
RecirculuT.ion: 
Controls : 



Gymnasium 
H*,750 

100 
yes 
manual 



Audltorlutti 
1M55 

100 
yes . 
manual 



ERIC 



ELECTRICAL 

Watts/sf Typical Classrooat 2,k Fixtures J fluoresdent 

Watts/sf Corridor: 1 FixtUJ?eei fluoreseent 

Total Fan H.P.'. hi 

Total Pump H.P.: negligible 
F1GUR2 f-3/36: Total Refrigeration H.P. t none 

'SCHOOL NO. 13 Electric Kitchen i 
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SCHOOL NO. 1^*; Higher School, Manhattan 

Year of Completion: 1958 



BUILDING DESCRimON 
Size: 251 msf: 

Floor to Floor Height: 12 '-0" 

Type of Construction: steel, cone, floor slah 

Skin: h" glass block 

No. of Levels: 7 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 25% 
Ratio: Window Area. to "Typical Classroom Area: 12^ 
Ceiling Height of Typical Classroom: 11 '6" 
Roof Insulation: 2" 



BOILER PLANT 



No. of Boilers: 
Burner Capacity: 
Type of Boiler: 
Heating System: 



100 gal/hr 
fire box 

steam radiation/vacuum return 



Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



lype: open window 
Type of Exhaust System: 
Cfm/Typical Classroom: 
Air-Conditioning : 



central fan 

600 

none 



CFM : 

% Outside Air: 
Recirculation: 
Controls : 



Gymnasium 
ll*,000 

100 
yes 
manual 



Auditorium 
15,800 

100 
yes 
manual 



ERIC 



nOURi f-3/39{ 
SCHOOL NO. 



ELECTRICAL 

Watts /sf Typical Classrooms 2.1+ 
Watts/sf Corridor: 0.8 
Total Fan H..P. : 1+5 
Total Pump H.P.: negligible 
Total Refrigeration H.P. : noae 
Electric Kitchen: 



Fixtures s 
Fixtures: 



fluorescent 
incandescent 
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f-3/99 SCHOOL MO. 15 ; High School, Bronx 

Fuel and Xear of Completion; 1959 

Electricity Use 



BUILDING DESCRIPTION 
Size: 288 msf 

Floor to Floor Height: 11 '-8 5/8" 
Type of Construction: reinf. cone. 
Skin: 10"-12" masonry, no air space 
No. of Levels: h 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 52% 
Ratio: Window Area to Typical Classroom Area: 25% 
Ceiling Height of Typical Classroom: ll'-O" 
Roof Insulation: 2" 



BOILER PLANT 

No. of Boilers: k 

Burner Capacity: 55 gal/hr 

Type of Boiler: fire box 

Heating System: steam radiation/ vacuum return 
Type of D.H.W. Generation: heat exchanger 



VENTILATION SYSTEM 



Type: open window 
Type of Exhaust System: 
Cfm/Typical Classroom: 
Air-Conditioning: 



central fan 

560 

none 



CFM: 



Gymnasium 
U0,300 



Auditorium 
30,000 



% Outside Air: 
Recirculation: 
Controls : 



100 
yes 
manual 



100 
yes 

manued 



ELECTRICAI , 

Watts/sf Typical Classroom: 2.U Fixtures: fluorescent 

Watts/sf Corridor: 1 Fixtures: indandeseent 

Total Fan H.P. : 120 

Total Pump H.P.: negligible 
PIGURB f-3/U2: Total Refrigeration H.P. : none 

SCHOOL NO. 15 lleetrio Kitchen: yes 
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f-3/6 3 SCHOOL NO. 16 ; Intermediate School, Brooklyn 

Fuel and Year of Completion: 1968 

Electricity Use 



BUILDING DESCRIPTION 
Size: I6I4 msf 

Floor to Floor Height: 10 '-8" 

Type of Construction: reinf. cone. /waffle slabs 

Skin:. brick, 2" air, U" block 

No. of Levels: h 

Ratio: Window Area to Skin Area of l^pical 

Classroom Elevation: ^% 
Ratio: Window Area to Typical Classroom Area: 2% 
Ceiling Height of Typical Classroom: 10' -I*" 
Roof Insulation: 



BOILER PLANT 



No. of Boilers: 
Burner Capacity: 
Type of Boiler: 
Heating System: 



58.8 gal/hr 
fire box 

steam radiation/vacuum return 



T^e of D.H.W. Generation: heat exchanger 



VENTILATION SYSTM 



Type: cabi)iet 
Type of Exhaust System: 
Cfm/Typical Classroom: 
Air Conditioning: 



central fan 

560 

none 



CFM ; 

% Outside Air: 
Recirculation: 
Controls : 



Gymnasium 
12,300 

100 
yes 
auto 



Auditorium 
13,100 

100 
no 



ELECTRICAL 

Watts/sf Typical Classroom: 2.7 Fixtures: fluorescent 

Watts/sf Corridor: 2 Fixtures: fluorescent 

Total Fan H.P. : 63 

Total Pump H.P.: negligible 
FIGURE f-3/U5j Total Refrigeration H.P.: none 

SCHOOL NO. 16 Electric Kitchen: yes 



o 
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For the purposes of comparison with New York City Schools 
the energy uses of five suburban schools have been recorded 
on the following page. Fuel and electricity consumptien 
figures reflect economy measures instituted December 1» 1973* 
gj^^- and maintained for a t en- gjj^ period. 



f-3/68 SURBURBAN SCHOOL NO. 1 

Fuel and Year of Completion; 1957 

Electricity Use 

BUILDING DESCRIPTION 
Size: 350 insf 

Floor to Floor Height: 10' 9" 
Type of Construction: steel frame 
Skin: panel (l" insulation) 
No. of Levels: 2 

Ratio: Window Area to Skin Area of lypical 

Classroom Elevation: 30% 
Ratio: Window Area to lypical Classroom Area: 22% 
Ceiling Height of Typical Classroom: 9' o" 
Roof Insulation: h" insul. roof deck 

BOILER PLAKT 

No. of Boilers: 5 

Burner Capacity: 200 gal/hr 

Type of Boiler: fire box 

Heating System: steam, vacuum return 

Type of D.H.W. Generation: steam 



VENTILATION SYSTEM 

Type: unit ventilators 

Type of Exhaust System: stack 

Cfm/Typical Classrm: 750 Area/Typical Classrm: 720 sf 



Air-Conditioning: none 

Gymnasium Auditorium 

CFM: 67,200 31,700 

% Outside Air: lOO 100 

Recirculation: yes yes 

Controls: auto auto 



ELECT RICAL 

War,ts/sf Typical Classrm: 2 

Watts /sf Corridor: 1.5 

Total Fan H.P: 80 

Total Pump H.P. : 10 

Total Refrigeration H.P: none 

Electric Kitchen: no 

FUEL & ELECTRICITY USAGE 
kwh kwh/msf Gals ff6 Fuel Oil Gals/msf 

71- 72 330,000 9^0 

72- 73 2,1*00,000 6,800 385,000 1,100 

73- 7I* 2,000,000 5,700 286,000 8X7 



FIGURE f- 3/1*8: 

SUBURBAN Note: 10-month economy measures Instituted December 1» 

SCHOOL NO. 1 19T3 for 5 suburban schools. 
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f«3/69 SUBURBAN SCHOOL NO. 2 

Fuel and Year of Completion: 1965 

Electricity Use 



BUILDING DESCRIPTION 
Size: 86 msf 

Floor to Floor Height: n' h" 
lype of Construction: concrete 
Skin: 8" concrete, 2" air, k" brick 
No. of Levels: 2 

Ratio: Window Area to Skin Area of typical 

Classroom Elevation: 60% 
Ratio: Window Area to lypical Classroom Area: 18% 
Ceiling Height of Typical Classroom: 9' O" 
Roof Insulation: 3" insulated roof deck 



BOILER PLANT 

No. of Boilers: 2 

Burner Capacity: 30 gal/hr 

Type of Boiler: fire box 

Heating System: hot water 

lype of D.H.W. Generation: from boiler 



VENTILATION SYSTEM 

Type: unit ventilators 

Type of Exhaust System: stack 

Cfm/Typical Classroom: 1250 Area/Typical Classrm: 900 sf 
Air-Conditioning: none 



Gymnasi iim Auditorium 

CFM: 6,000 (unit vent.) 8,000 

% Outside Air: 100 
Recirculation: yes 
Controls: oil 



ELECTRICAL 



FIGURE f-3/U9: 
SUBURBAN 
SCHOOL NO. 2 

ERIC 



Watts/sf Typical Classroom: 1.5 

Watts /sf Corridor: 1.0 

Total Faji H.P. : 9 

Total Pump H.P.: 10.5 

Total Refrigeration H.P: nons 

Electric Kitchen: partial 



FUEL & ELE^JTRICITY USAGE 
kwh k^^h/msf Gais Fuel Oil 



71- 72 

72- 73 

73- 71+ 



320,000 
309 »000 



3,720 
3,600 



62 ,600 
62,200 
36,700 
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Gals /msf 

727 
723 
U2T 
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SUBURBAN SCHOOL NO. 3 
Year of Completion: 19^9 

BUILDING DESCRIPTION 



Size: 59 msf 

Floor to Floor Hei^t: 10' 0" 

Type of Construction: reinforced concrete 

Skin: 8" block, 2" air, k" brick 

No. of Levels: 2 

Ratio: Window Area to Skin Area of l^pical 

Classroom Elevation: 50 J6 
Ratio: Window Area to l^pical Classroom Area: 
Ceiling Height of Oypical Classroom: 8' 3" 
Roof Insulation: l" 



2k% 



BOILER PLANT 

No. of Boilers: 2 

Burner Capacity: 90 gal/hr 

lype of Boiler: fire box 

Heating ^stem: steam 

Type of D.H.W. Generation: steam 

VENTILATION SYSTEM 



Type: unit ventilators 
lype of Exhaust System: stack 
Cfm/iypical Classrm: 1,000 cfm 
Air-Condi tioning: none 

Gymnasium 

CFM: 



% Outside Air: 
Recirculation: 
Controls 

ELECTRICAL 



890 

100 
yes 
auto 



Area/iypical Classrm: 96O sf 

Auditorium 
3,600 

100 
yes 
auto 



Watts /sf Typical Classrm: 1,6? 
Watts /sf Corridor: 1.23 
Total Fan H.P.: negligible 
Total Pump H.P. : negligible 
Total Refrigeration H.P.: none 
Electric Kitchen: no 



Fixtures : 
Fixtures : 



fluorescent 
fluorescent 



FUEL & ELECTRICITY USAGE 
kwh kwh/mdf Gals (fU Fuel Oil Gals /msf 
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FIGURE f-3/50: 
SUBURBAN 
SCHOOL NO. 3 



71- 72 

72- 73 205,000 3, 1*75 

73- 7'* 208,000 3,531* 
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1*5,500 
56,000 
32,700 



771 

551* 



f-3/71 SUBURBAN SCHOOL NO, k 

Fuel and Year of Completion: 1952 

Electricity Use 

BUILDING DESCRIPTION 



Size: 200 msf 

Floor to Floor Height: 13* 1" 
Type of Construction: concrete 
Skin: brick, 8" concrete 
No. of Levels: 2 

Ratio: Window Area to Skin Area of Typical 

Classroom Elevation: 505? 
Ratio: Window Area to Typical Classroom Area: 23% 
Ceiling Height of Typical Classroom: 11' 6" 
Roof Insulation: 2" rigid insulation over 12" concrete slab 

BOILER PLANT 



No. of Boilers: 3 

Burner Capacity: lOO gal/hr 

Type of Boiler: fire box 

Heating System: steam 

Type of D.H.W. Generation: steam 



VENTILATION SYSTEM 



Type: unit ventilator 

Type of Exhaust System: combination central fan and stack. 
Cftn/iypical Classrm: 500 Area/Typical Classrm: 69O sf 
Air-Conditioning: none 



CFM: 

% Outside Air; 
Recirculation: 
Controls: 

ELECTRICAL 



Gymnasium 
20,278 

100 
yes 
auto 



Auditorium 
23,650 

100 
yes 
auto 



Watts/sf Typical Classroom: 2.0 Fixtures 

Watts /sf Corridor: I.5 Fixtures 

Total Fan H.P.: 37 

Total Pump H.P.: negligible 

Total Refrigeration H.P.: none 

Electric Kitchen: ^ gas 



fluorescent 
incandescent 



FUEL & ELECTRICITY USAGE 

kwh kwh/msf Gals ^6 Fuel Oil Gals /mf 

71- 72 I3ii,500 700 

72- 73 931,000 li,850 lli6,500 76o 

73- 7li 750,000 3,900 103,000 536 

FIGURE f-3/51: 
SUBURBAN 

O^HOOL NO- k orivi 



f-3/12 SIIRBimPAN SCHOOL .N0. _1 

Fuel and 
Electricity Use 

BUIIDINO DESCRIPTION 
Size: 26 msf 

Floor to Floor Height: 12' 8" 
Skin: 2' 8" brick, V insulation 
No. of Levels: 1 

Batio: Window Area to Skin Area of lypical 

Classroom Area: 63% 
Ratio: Window Area to lypical Classroom Area: 30% 
Ceiling Height of lypical Classroom: 11' O" 
Roof Insulation: 1" insulation over concrete slab 



BOILER PLANT 

No. of Boiler: 2 

Burner Capacity: l8 gal/hr 

Type of Boiler: hot water 

Heating System: hot water with hot air 

Type of D.H.W. Generation: immersed coil from boiler 



VENTILATION SYSTEM 

lype: central supply 

Type of Exhaust System: stack 

Cfm/Typical Classrm: UOO Area/Typical Classrm: lObk sf 
Air-Conditioning: none 



CFM: 



Gymnasivun 

2 Mo 

% Outside Air: 100 
Recirculation: yes 
Controls auto 



ELECTRICA L 

Watts/sf Typical Classrm: 2.0 Fixtures: fluorescent 

Watts/sf Corridor: 1.1*2 Fixtures: incandescent 

Total Fan H.P.: 2.75 

Total Pump H.P. : 3.5 

Total Refrigeration H.P. ; none 

Electric Kitr.hen: none 



FUEL & ELECTRICITY USAGE 

Itwh kwh/msf Gals Ifh Fuel Oil Qalg/msf 

FIGURE f-3/52: Tl-72 ^ 33,100 1,2T3 

O SUBURBAN T2-73 100,560 3,868 33,000 1,210 

ERIC SCHOOL NO. 5 T3-7i^ 65,^*00 2,515 25,000 960 
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fuel and electricity use 
in nyc schools 



k9 DETAILED 
SYbTEM ANALYSIS 
OF SELECTED 
SAMPLE 



Calculated 
Fuel Oil Usage 



A recently constructed intermediate school was evaluated in 
terms of energy flow (in and out) and energy consuming sys- 
tems. The purpose of the following study is to approximate 
the proportions of energy consumed by various major systems 
of school buildings. 

The data below shows the design calculated heat losses for 
typical spaces in a recently constructed New York City 
school. Of major interest is the percentage of heat loss 
resulting from introduction of outside air (between 6k per- 
cent and 79 percent). 



lypical Classroom ; 
Transmission Heat Loss 
Ventilation Heat Loss 
Grand Total Heat Loss 



19,700 btioh (3^ percent) 
37i900 btuli (66 percent) 
57,600 btuh 



Auditors urn ; 

Transmission Heat Loss 
Ventilation Heat Loss 
Grand Total Heat Loss 



177^000 btuh (22 percent) 
61*5,000 btuh (78 percent) 
822,000 btuh 



Gymnasium ; 

Transmission Heat Loss 
Ventilation Heat Loss 
Grand Total Heat Loss 



192,850 btuh (21 percent) 
705iOOO btuh (79 percent) 
897,850 btuh 



Calculated 
Electricity Usage 



Scheme A; 

Design Conditions 



ERIC 



'Ihe some recent New York City school on which the proceeding 
heat lo'^^s calculations were made was evaluated for anticipa- 
ted electricity usage. The results are shown below: 

(Limited and Conservative UtiligaMon ) 

180 days per school year, ventilation nine months, heating 
six months, cooling three months. (No afternoon, evening or 
summer session included). 

Lighting Usage; Classrooms 6 hrs/dayj corridor and stait^s 8 
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hrs; offices 7 hrs; auditiorium 2 hrs; stage H hr; gymnas- 
ium h hrs; unfinished spaces 1* hrs; shops and labs 5 hrs. 



Scheme B: 

Design Conditions 



Scheme A: 

Electricity 

Usage 



(Less Conservative Utilization ) 

180 days per school year, ventilation nine months, heating 
and cooling same as Scheme A for monthly use, but increased 
for daily use. Classroom 7 hrs/day; corridor and stairs 
9. hrs; offices 8 hrs; auditorium 3 hrs; stage h hr; gymnas- 
ium 5 hrs; unfinished spaces h hrs; shops and labs 6 hrs. 



(Limited and Conservative Utilization) 



Lighting 
Ventilating 
Heating 
Cooling 



vh/sf/day 
9.66 
3^68 
.79 



kwh/sf/yr 
.66 

.10 (6 months) 



Absorption 
Auxiliaries 
Electric Drive 

Miscellaneous 



1*.10 



.25 (3 months 
partial sf) 



Heat up Kitchen 
Labs and Shops 
Rec. Loads 



1.60 



.29 



Totals 



19.83 



3.0h 



Scheme B: 

Electricity 

Usage 



(Less Conservative Utilization) 



Lighting 
Ventilating 
Heating 
Cooling 



vh/sf/day 
11.20 
k.21 
.92 
k.36 



kvh/sf/yr 
2.01 
.75 
.11 
.26 



Absorption 
Auxiliaries 
Electric Drive 

Miscellaneous 



1.76 



.31 



Heat up Kitchen 
Labs and Shops 
Rec* Loads 

Totals 



22.1*5 



3.1*1* 
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20-? 



Scheme A: 
Heating 
Ventilating 
Air-Conditioning 



(Back up Information for 190 mf Building: 1?.P. mf 
dooled by ADsorption ) 

kwh/dav 



Ventilation 700 

Heating 150 

Cooling 780 

Misc. 305 



vh/af/dav 

3.68 

.79 
It. 10 

1.60 



kvh/s-P/yr 
.66 
.10 
.25 

.29 



Scheme A: 
Lighting 



sf 



total w 



Scheme B: 
Heating 
Ventilating 
Air-Conditioning 



Classrooms 
Corridor & 
Stairs 
Offices 
Auditorium 

House 

Stage 
Shops 
Labs 

Gymnasium 
Unfinished 



77,887 155,201* 

30,353 30,000 
10,172 22,1*U8 



6,08U 
1,080 
1*,702 
8,056 
11,760 
39,906 



Additional 
Ni^t Light - 



3it,936 
ll*,800 
10,212 
16,281* 
25,576 
38,180 



12,000 



hrs / day 
6 

8 

7 

2 
h 
5 
5 
k 
k 



kvh/(^av 
930 

2l*0 
157 

69 
7 

51 

81.1 

102 
152 

U8 



11. 9** 

7.91 
15.1*3 

11. 3U 
6.1*8 
6.1*8 

10.06 
8.67 
3.28 



1.58 



Total 



190,000 359,61*0 



1,837 



9.66 



Watts /sf a 1.89 

Wh/sf/day - 9.66 @ I80 days =1.71* kwh/sf /school venr 



kvh/day 

Ventilation 8OO 
(9 mos ) 



Heating 
(6 mos ) 

Cooling 
(3 mos) 

Misc. 



175 
830 
305 



vh/sf/day 
1*.21 



.92 
1*.36 
1.60 



kvh/sf/yr 
.75 



.11 



.26 
.29 



ERIC 
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Scheme B: 
Lighting 



Si total V hrs/day kvh/day vh/sf/day 



Classrooms 77,887 


155,201+ 


7 


1,086 


13.9lt 


Corridor & 










Stairs 30,353 


30,000 


9 


270 


8.89 


Auditorium 










House 6,081+ 


3l+,936 


3 


105 


17.25 


Stage 1,0 oO 


ll+,oOO 


1 


7 


6.1+8 


Shops l+,702 


10,212 


6 


61.3 


13.03 


Labs 8,056 


16,281+ 


6 


97.7 


12.12 


Gymnasium 11,760 


25,576 


5 


128. 


10.88 


Unilnisnea i^D,30D 


3o,loO 


1+ 


153 


3.30 


ilUuX l/± UIlclX 










Nigtit Light - 


12,000 


1+ 


1+8 


1.58 


Offices 10,172 


22,1+1+8 


8 


179 


17.59 


Total 190 ,000 


359,61+0 




2,128 


11.20 



Watts /sf =1.89 

Wh/sf/day =11.20 @ I80 days = 2.01 kwh/sf/school year 



ERIC 
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in nyc schools 



5# PRELIMINARY 
ANALYSIS OF 
EMERGENCY 
ENERGY-SAVING 
MEASURES 
INITIATED BY 
THE NYC BOARD 
OF EDUCATION 
1973 - 191h 



In November, 1973 in response to the emergence of the fuel 
crisis, the New York City Board of Education instituted a 
program geared to reducing the already low energy use in 
its buildin(^s. A series of circulars were sent to all 
school custodians outlining specific methods of conserving 
energy. Copies of relevant portions of these circulars are 
included in this section. The circular from December 3, 
1973 is included in its entirety. 

Monthly fuel oil and electricity usage was compared for the 
sixteen samples for December through April 73-7^* with the 
average of the same five months for the three preceeding 
years. Fifteen of the sixteen showed lower fuel oil use 
with savings ranging from 7.6 percent to 39.9 percent. The 
one school showing an increase had a 7.3 percent rise. Hie 
average fuel use for the sixteen schools was 2k. k percent 
below the average for the three previous years . The 1973- 
7I+ winter was slightly warmer than the previous three years. 
The savings were adjusted accordingly resulting in a cor- 
rected figure of 19. 1 percent. Fifteen of the sixteen 
schools showed a decrease in electricity usage with savings 
ranging from h percent to 37.3 percent. The one school 
showing an increase gained 8.1* percent in usage. Ihis was 
not the same school which had shown an increase in fuel oil 
usage. The overall average of electrical usage was down 
bv 20.0 percent. 

The above results are of particular interest coming from the 
New York City system because they indicate that even within 
a highly efficient building plaAt, representing the state 
of the art of energy control, a re-evaluation of basic cri- 
teria can yield significant savings. 



O f-5/1 

ERIC 
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f-5/2 



Fuel and 
Eaectricity Use 



^Emergency Energy- 
Saving Measures in 
Effect. Data for 
December j January, 
February, March, 
April . 

FIGURE f-5/ls 
COMPARISON OF 
ENIROY USAGE 
19TO-T3 
VERSUS 

ERIC 
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BOARD OP EDUCATION OF THE CTOf CF YORK 

DlVISICn OF SCHOOL BUILDEIGS 
OFFICE OF PLAiiT OPSRATICH «JD HAIJ;TENANCE 
BUREAU OP PLAIT OPERATION 



December 3f 1973 



PLANT OPERATION CIRCUUR NO* 13 - 1973/74 

NOTE: All Clrculara are to be kept in a permanent file 

TO SCHOOL CUSTODIAN ENGINEERS AND SCHOOL CVST0DLU5 



U FUEL AMD ENERGY CRISIS 

The fuel and energy crisis in the United States becones more critical 
each week* So that all of us both at vrorlc and at hcj*^ do not end up freezing iii the 
dark we must take steps to conserve all types of fuel end energy# i«e« coal» oil^ 
electricltyi gas^ gasoline^ outside steam esd hot v<ater« 

The Board of Education has directed that rooai temperatures be lowered 
still further so that the maxiiaum temperature in any school building will be 68^ F« 
The only exception to this will be natatoriums* In these areas asibient temperatures, 
will be kept 3^ above pool water temperature* Pool water ter^)3ratures will be laain** 
talned at 73**74^ F* during the winter season* 

The State Education Department has relaxed some of their requlremsnts 
in reference to building operations ior the duration of the crisis* These relaxations 

aret 

t 

!• Classroom or office temperatures are not to exceed 
68* F* 

2« PyBinasiumSy shopS| cafeterias, or ax^y non-aedentary 

space should be heated to a rai'ige of 63 to 6y. 
3« Lighting levels have been reduced to: 

10 foot candles ^ ijt auditoriums i corridora^ looker 

rooms 9 toilets* 
20 foot candles in cafeterias i gyitnaaiums* 
* 30 foot candles classrooms, librariesj offices, 
shops* 

40 foot candles - rooms where fine detail work Is 
done such as ssviin^ roomi, drafting rooms* 
4# Fresh air supply has been reduced to 4 cite* 

It is understood that meters end test gauges are not available to deter*- 
mine foot candles and air flow* Howeveri "trial and error" should be employed to con-* 
serve fuel and energy* A modem claSisroini has lighting equiiment to provide 50-^70 
foot candles* Switches for light strips next to v/indows may be taped in the off 
position to t jduce light level* In some schools every other fixture in corridors may 
be shut off* IVhere incandescent lamps are installed wattage may be reduced* DO NOT, 
however, reduce illumination to point you have created a hazardous condition* Where 
fluorescent fixtures are involved card must be taken not to bum out ballasts* In 
cased where dual tube fixtures are involved either both tubes nist be installed or 
temdved* Use of dual tube fixtures with only one tube may bum cut ballast* 

Custodians must review \/ork schedules in order to cut down total tlide 
lights are on* Is it possible to advance reporting times of night crews so that 
heat and lights my be reduced earlier? Checks most be made that teachers turn torn 
lights ctt when they leave* Custodial workers can turn thetn back on when necesaaty 
ttt cleaning* 
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PLANT OPKnATIO« CIHCUUR NO. 13 - CONTINUED 
FUKL AMD ENEHfiT CRISIS . Continued 



December 3i 1973 \ 



Where posaiblo vrater temperatures to slop sinks, lavatories, etc., 
should be reduced to a naximun of 100* F. This is possible v/l:ere a booster heater 
is installed in line to cafeteria kitchen. V/here a nvixlng valve is installed to 
reduce temperatures to waahrooa3,'etc,, it is suggested you request peraission from 
Principal to shut off hot water to Lavatories. 

It '.^dll be necessary from all available inforr;ation to reduce fuel 
consumption by at least 20k from 1972/73 consumptioni Since last v/inter was 
reasonably warm this vail be difficult to achieve. Your fuel and utility cards will 
be checked closely each month to ins'ore your consumption has been reduced. If 
adequate savings are not achieved the next step v/ill be to cancel afternoon and 
evenins activities. Your full cooperation is requested and expected to achieve the 
required fuel and energy savings to keep our schools open. 

The Board of Education has directed that the enclosed questionnaire on 
the fuel and energy crisis be coinpleted by each Custodian, One copy must be returned 
to your Borough Supervisor of School Custodians by December 10, 1973. 



2. Hc34BER OF PEPi^ONTSL BOARD 

The follcv/ing have been elected to the Personnel Bofi^rd for the period 
January 197^ to January 1977: 

Mr, George Maggio - Division of School Buildings 

Mr, Charles Hughes (Alternate) - Bureau of School Lunches 



3. OIL.BURNER EHSRSENCIZS 

Too many oil burner emergencies have turned out to be minor problems 
such as a tripped circuit breaker, a blown fuse, cold oil. The Custodian must check 
his plant out personally before requesting emergency oil burner service. 



HUGH KcLAREN JR. 
Executive Director 
Division of School Buildings 

RdHtNS 

Enelosiurei Fuel ^d Energy Questionnaire (2) 
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BOARD 0? HDUCATIO:! 0? T:E CTTt OF fJ^rf YOHK 

Dr/IflXOM 07 SCHOOL BUILDINGS 
OFFICE OF PUirr 0?Efl.\TION AND >IALNTENAWCB 

Bimsxu cv ?Uin operation 



SCHOOL 



borough^ 



FU5L A'rH FJ^EKCY OJESTIONTmRE 



V/here question indicatea condition of equipment, any conditions that are creatix\s 
fuel or energy losses shoidd be reported cn a P.O. Id and submitted with this qtxeo- 
tionnalre. 



1. Have all thermostats been set back to 68' F. or less? 

2. Is all temperature control on hot v/ater heating or 
ventilating systems in good operating coriditicn? 

3. Has schedule been set up for operation of indirect 
ventilating systeins? 

A. Are firesides of boilers cleaned regularly at ever7 
100 hours of operation? 

5« Is boiler water treated? VAiat was last pM: or OD reading?' 

6* Are there any leaks in water or steam side of boiler? 

7. Are there excess air leaks In fireside of boiler? 

8. (a) Are there any leaks in steam piping or valves? 
(b) Is there shop order or. specification for repair? 



9. (a) Are there any faulty steam traps? 

(b) Have you replacements parts? 

(c) Is there specification or shop order out for repair? 



3jO. Have you set up schedule of closLng header^ riser or 
branch valves to isolate unoccupied parts of building? 

11« Are fuel burning controls in good operation condition? 
(Oili Coali Gas I Electric) 



22. 



(a) Have you taken a recent CO2 test? 

(b) What was or is CO2 percentage? 

(c) Vihat was stack tesiperature at timb of test? 



13. Has plant a Department of Air Resources OperatlSQ Certificate? 

(a) Oil Burners 

(b) Incinerators 

Has hot water tank been cleaned recently^ give date of last 
cleaning? 

15« If booster heater has been l;istalled for cafeteria kitchen 
hot water has house supply been reduced to 100* P. 

16« Are there any leaks in hot water piping valves mr faucets? 

17. Are fresh air intake dampers in working order? 

Id. Have fresh air Intake dampers been adjusted to reduce fresh 
air intake to b^re rainijtna (Swito Education has reduced 
reciuir^ment to A cfm/person for duration of energy crisis)? 

19. Have All holdbacks, chains 1 eto.t been removed from 
exterior doors? 
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20« Arc All door checka cn exterior doors in good working 
order? 



21. Arc all vrindcrvs in poc^A con:iitlon? 

(a) l3 glass rcpL-ice^ or backed up? (a)^ 

(b) Do they cloiic properly anrf stciy closed overnight? tb)" 

(c) Are th^y weather .stripped? \c)3 

(d) Do they need vx-athcr stripping? (d)]] 



(b). 



22. (a) Have you checked building operation for conaervation (a), 
of electricity? 

(b) Can you reduce lishtiir; in corridors? 

(c) Can you reduce li^htini? in clascrooirji? 

(d) Have you instructed your employees in conservation (d), 
of electricity? 

(c) Have teachers cooperated in consei-vation of electricity? (e)_ 

(f) Have teachers been luade a'.-Aire of fuel and energy crisis (f)_ 
by Principal or Schcol Board? 

(g) Have "Save-A-V/att" stickers been put on light s'.Mitches? (g)^ 

23# Have you inspected cafeteria/lunchroom kitchens for possible 
fuel or energy v/asters? 

(a) Refrigerator/freezer doors, are they tight (a). 

(b) Refrigerating machine condensers, are they clean? (b)^ 

(c) Is refrigerant at proper level so that machines does (c)^ 
not run continuously? 

24# (a) Are filters on ventilating equipvnent clean? (a), 
(b) \7hen v/ere they last checked? (b)^ 

25# Do you have any unique ways to conserve either fuel or energy 
in your school? Do you have any ideas hc^ fuel might be 
saved in your school cr others by some simple or inexpensive 
change in scheduling, wirir*, piping, etc? Please give 
details* 




DATE SIGNATURE ' 

SCHOOL CUSTODIAN ENQXtSEVSCUOOL CUSTODIAN 

HETUTOI TO BOri)UGH SUPKIT/TSOR 0? SCHCOL CllST0pTA?!3. BY PSCamSH 10 > 1973 
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From 

Circular #7 

19 October 197"^ 



v.. ruEL C0N5ERVATI0N 

The fuel altaitlon in Ni;w York City m»y beeowi eJCtr«»ly critical durig 
ihr forthcomlfv; winter. School CustodiansA'Oglxieera M directed to take every 
m»'A3ur« consistent' with health uid sifety to conserve Tuelt The following ire aorae 
items that will help in the conservation of fuel; 

h* ClassrooM and omee temperatures are to be nalntalneo 

at no hii;her than 70* P, 
b» Indirect VintiUtlng systenw in areas such as ^yonasiwu 

and auditoriums are not to be operated when areas aro 

not occupied, 

c. Broken window glass must be replaced or baoked up 
prooptly* 

d« Fire aides of boilers must be cleaned i\t every 100 

hours or operation* 
e« Combustion should be checked regularly Cor proper OO2 

percentage* 

r» Uiaks on steam and condenst^.s lines must be repaired 

or reported for repair proi^ptl/* 
g. Where posaible header valvei controlling steaa to 

aectiona Pt the building not In use for activities 

should be shut* 
hi Door checks on exterior doors should be kept In good 

operating condition* 
i* An Indirect fuel econon^>* is oonjervatlon of electricityt 

Any ruel saved by Gdluon will make more fuel Tor heating 

avAllnble* 

J, PUol oil temperatures must be checked closeljr to provide 
Tor proper canbustlon* The quality of oil delivered may 
change during the winter* A close check on coabustion 
should be kept artcr tho delivery of each new load of oil* 

k* In schools where two or more fuel tanks are InataUed, 
one tank should be kept in use until a full load of oil 
can be placed in tank* The average load of oil is 3500 
rAllona. Thia way tanks can b9 kept topped off vAenever 
fuel la availablot This will be most lAiportant this 
winter since w? will vant to t*ike whatever oil the vendor 
can make availabln* 



From 

Circular #10 
9 November 1973 



1, FUEL CCNSERVATION 

The fuel situation is extrerrely critical* The procedures outline in 
Plant Operation Circular ffl - 1973/7A nujt bt: coaplied vith. Any additional conser^ 
vation procedures that you may be able to Institute consiatent with health and 
safety ohould be adopted. 



J, FUEL CONSERVATION 

The results of your efforts in fuel conservation are gratifying* The 
jTj'om 80^^13 3**- conservation of fuel and utilities have been met. The crisis is st.ill 

vfith us so please do not relax your efforts. It is not onljr Important now to conserve 
Circular #15 fuel and energy because of the shortage but also beeause of the cost. Costs for both 

16 January 1971+ have skyrocketed. 



From 

Circular #21 
17 April 197^ 



1. PUBL OOSiSlgyATIOM 

Although the fuel crisia has abated the naceasity to consffrva fuel 
continoes. Fuel is not in abuntant supply* Zn addition to the short supply i eonsoyw 
vation U necaasary because of price. The price of oil haa usre than doublid in the 
past six Bonths. Thia Inereaio haa ereatad a oorioua shortage in Mgat alUeations* 
Please contlntte the exetipXary efforta you hav9 exerted throughout the winter in oon- 
servlrg fuel. 



5. 



U5:r. OF AIR CONDITIOND» EQUingHT 



From 

Circular ff2h 
29 May 1971+ 

f-5/7 



ERLC 



In Chose schools and offices whore air eeniitioning equipasnt la 
Ijistalled the following rules should bo followed to eonienre energy* 

a* Air conditionljv ^quiimnt iheuld not bo operated untU room 
temperature reaehea 7^* 
thombstat aettiiHie iuet not bo leee than 70* 
Oeeupante Should be initfuetod iJli the uae of ehadoe and 
blinds to reduce iolar heat Ioitf« 
Oeeupaney of Urgo air eofiditidnid artai by a eingli 
parson should be avoided where pdiiible« Mequeet 'deetH 
pants to eortaolidate use of iir iohditidiied apaee^ 
Instruct oeeupante of air MtditiMid Arias to knp arts 
isblAted f roil non-»ei»Iid ariaa« 

Keep equifBln^^^^ partiaular filters and oondontira* 



b. 
e« 

d. 



e« 



g-1 

observed 
environmental 
conditions 



1# OBSERVED LIGHT In March 1971+ a team of observers visited 20 classrooms in 
LEVELS IN WENTY six public schools for the purpose of measuring the light 
CLASSROOMS levels under which teachers and students performed their 

various tasks. The visits were unannounced, and conditions 
were recorded exactly as found. The six schools represent 
a cross-section of types of construction and of periods of 
construction. The oldest school visited was an ornate 
gothic-style limestone structure built in 1897. The most 
recently completed school was a curtainwall structure fin- 
ished in 1968. 

Light levels were recorded at ^5*0" intervals in both dir- 
ections at desk height. Also noted were weather conditions, 
window locations, sizes of windows, ceiling heights, arti- 
ficial illumination, fixture patterns, types of fixtures, 
wattages, and incident light levels at the window sills. 
Two basic types of lighting fixtures were noted: 1. new and 
modernized fluorescents , and 2. old five-fixture incandes- 
cents . 

Observations The following observations were made: 

1. Light intensities were found to be extremely irregu- 
lar. As reflected in the light contours of the 20 class- 
room diagrams, light conditions ranged far above, as well as 
far below currently accepted standards. 

Classroom #5 built in 1958 for example, an east-facing 
classroom, had light levels of 30 f c , 280 f c , 500 fc, 1,000 
fc, 350 fc, 2,200 fc measured at 5'0" intervals along a line 
5'0" away from the window wall. Along the blackboard to 
the south the readings ranged from 30 fc to hO fc. At the 
west wall 30 fc - 65 fc readings were recorded. Upon furth- 
er investigation it was found that though the eyes of the 
observers were not aware of great changes in light levels, 
meter readings recorded wide fluctuations (incident light 
level of 500 fc changed to 3,000 fc) due to periods of 
g-l/1 bright sun interrupted by passing clouds. Artificial il- 
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liiraination was supplied by nineteen 2 tube x k foot fluores- 
cent fixtures requiring a total of 1,865 w (2.l8 w/sf). 

West-facing classroom #6 in the same building had light 
levels of 65 fc, 110 fc, 200 fc, 18O fc, 130 fc and 32 fc, 
measuring at 5*0" intervals along a line 5'0" away from the 
window wall. Readings at the perimeter ranged from 25 fc to 
65 fc. Artificial illumination was supplied by eighteen 
2 tube X h foot fluorescent fixtures requiring a total of 
1,767 w {2.h3 w/sf). 

Classroom #13 built in 1961, a south-facing classroom, had 
light levels of 100 fc, 26O f c , I80 fc, Ii50 f c , 210 fc, 1*00 
fc, measured at 5'0" intervals along a line 5'0" away from 
the window wall. Readings at the north wall ranged from 12 
fc to 50 fc. Artificial illumination was supplied by six U 
tube x h foot fluorescent fixtures, placed perpendicular to 
the window wall, requiring a total of l,ll6 w (1.39 w/sf). 

Classroom #l6 built in 1968, a north- facing classroom with 
incident light levels of 750 fc at the window sill had fc 
readings of 60 fc, 200 fc, 135 fc, 260 fc, 100 fc measured 
at 5*0" intervals along a line 5*0" away from the window 
wall. Along the south wall the readings ranged from 20-50 
fc. Artificial illumination was supplied by nine 2 tube x 
8 foot fluorescent fixtures » placed in three rows parallel 
to the window wall, requiring a total of 1,67^* w (2.26 w/s^). 

Classroom #8 built in 1905, an east-facing classroom, had 
light levels of 300 fc and 350 fc at the window line and 
readings of 10 fc, 20 fc, 25 fc, 30 fc, 50 fc along the 
perimeter of the room. Artificial illumination was supplied 
by five I60 w fluorescent fixtures which replaced five 
earlier incandescent fixtures. Total wattage required was 
930 w (1,1*8 w/sf), 

2. Light levels were generally unrelated to the tasks 
being performed. Activities such as drawing, writing and 
listening were all conducted under the same lighting con- 
ditions . 

3. With only few exceptions, artificial illumination was 
in full use, even though daylight (on a clear morning) was 
adequate in a substantial portion of the classrooms. In 
most of the classrooms, proyisions had been made for deac- 
tivating li^t fixtures along the window walls. However,, 
the switching device was used in only one insteuice out of 
the twenty examples. In one of the older classrooms (class- 
room #11) compensation was made for high daylight levels by 
reducing the wattage of incandescent fixtures from 200 w at 
the center and rear of the room to 150 w at the windows. 

U. Light control devices were generally used in a hap- 
hazard manner, unrelated to actual needs. In several in* 
stances, black shades were drawn, cutting off all daylight 
and making artificial li^t a necessity. In the older 
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g-1/3 



Observed En- 
vironmental 
Conditions 



buildings where high windows make the operation of roller 
shades more difficult, many blinds were jammed in position. 
On the other hand, translucent shades were generally well 
used in the newer buildings to block direct rays of the 
sun while permitting diffused light to enter. 

5* Teachers and students appeared unaware of the wide 
fluctuations of light intensities, 

6. In old and new schools, chalkboards were generally in 
the darker part of the classrooms. Neither artificial light 
nor daylight was directed toward the chalkboards. 

Note: According to the British government publication. 
Lighting in Schools , "the chalkboard and any associated dis- 
play area should be well lit by comparison with the room. 
At the snme time, visual tasks can also be made easier by 
an increase in contrast or size of details. Thus for the 
teacher to write on the chalkboard with letters iV high 
instead of l" high would be as effective in improving vis- 
ibility as would raising the level of illumination by ten 
times . . . For a child to move four feet closer to the 
chalkboard will have visual advantages for him which can 
only be matched by raising the level of illiimination by 30 
times. This assumes that distance to chalkboard will be 
limited to 30 feet". (British standards are based on 
writing 3/**" high at the blackboard). 
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FIGURE g-1/1: 
OBSERVED LIGHT 
LEVELS IN 
TWENTY NYC 
CLASSROOMS 
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Fiy'URE f'ATTERN 



N 



ELEMENTARY SCHOOL (I89)) 

3/6/7'» 9:35 AM 
WEATHER: SUNNY, VARIABLE 
CEILING HEIGHT: lV-0" 
CHALKBOARD: EAST 6 WEST WALLS 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINbOW SILL: 130 FC 
WINDOWS: @ 3'-0" x 9'-0" 



ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 5 @ 200W « iOOOW 
?mmt g-l/2: MOUNTING: SUSPENDED @ 10' -0" AFF 

OBSEBVED LENS: MILK GLASS 

LIGHT L^ELS 2 SWITCHES 

CLASSROOM MO. 1 
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FIXTURE PATTERN 

ELEMENTARY SCHOOL (1897) 

3/6/7^ 9:^5 AM 
WEATHER: SUNNY, VARIABLE 
CEILING HEIGHT: U'-O" 
CHALKBOARD: NORTH WALL 



16 14 6 
8 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 38 FC 
WINDOWS: 4 ^ /♦'-6" x lO'-O" 



ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 5 ^ 200W = lOOOW 
FIGURE g-1/3' MOUNTING: SUSPENDED ^ lO'-O" AFF 

0BSI5RVED * LENS: MILK GLASS 

LIGHT LEVELS 2 SWITCHES 

CLASSROOM NO. 2 




p-l/7 
Observed 
Environmental 
Conditions 
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DARK SHADES DRAWN 



BOTTOM OF SHADE 1/^ UP 



. — DARK SHADES DRAWN 



NOTE: NO SHADES ABOVE 8' 6" 



FC READINGS 
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FIXTURE PATTERN 



ELEMENTARY SCHOOL (1897) 

3/6/7^ 10:00 AM 
WEATHER: SUNNY, VARIABLE 
CEILING HEIGHT: U'-O" 
CHALKBOARD: SOUTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 3000 FC 
WINDOW DIMENSIONS: 5 § 2'-6" x lO'-O" 



FIGURE g-l/li: ARTIFICIAL I LLUM INAT lp,^l 
OBSESRV® FIXTURES: INCANDESCENT, 5 (?> 200W « lOOOW 

LIGHT LOTLB MOUNTING: SUSPENDED (S lO'-O" AFF 

^ CLASSHOOM NO. 3 LENS: MILK GLASS 
ERIC 2 SWITCHES 
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Conditions 
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FIXTURE PATTERN 

ELEMENTARY SCHOOL (1897) 

3/6/7'* 10:15 AM 
WEATHER: SUNNY, VARIABLE 
CEILING HEIGHT: lV-0" 
CHALKBOARD: NORTH WALL 

NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 180 FC 
WINDOWS: k @ ^'-6" X lO'-O" 



FIGURE g-l/5J 

ommm 

LIOHT LEVELS 
CUSSROOM NO. k 



AIT IfJ CM^ I LLUM I NAT I ON 

FIXTURES: INCANDESCENT, 5 ^ 200W 
3 FIXTURES LIGHTED « 600W 
MOUNTING: SUSPENDED @ lO'-O" AFF 
LENS: MILK GLASS 
2 SWITCHES 
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Environmental 

Conditions 




FC READINGS 
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FIXTURE PATTERN 

ELEMENTARY SCHOOL (1958) 

3/6/7^ 10:35 AM 
WEATHER: SUNNY, PASSING CLOUDS 
CEILING HEIGHT: 1 1 '-2" 
CHALKBOARD: SOUTH WALL 
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FIGURE g-1/6: 
OBSERVED 
LIGHT LEVELS 
CLASSROOM m, 5 



NATURAL ILLUMINATION 

INCIDENt LIGHT AT WINDOW SILL: 750 - 3000 FC 
WINDOWS: 6 (SI ^' X 6'-V' 

0 

ARTIFICIAL ILLUMINATION 

FIXTURES: FLUOMSCENT, 19 9 93W (2-^8" TUBES) « 1767W 

MOUNTING: SUSPENDED ^ 8'-9" AFF 

LENS: EGG CRATE LOUVER 
2 SWITCHES ggg 
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ELEMENTARY SCHOOL (1958) 

3/6/7^ n :00 AM 
WEATHER: SUNNY, PASSING CLOUDS 
CEILING HEIGHT: 10' -0" 
CHALKBOARD.' NORTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 400 - 500 FC 
WINDOWS: 6 (a) 4' X 6'-V' 



FIOUBE g-l/7J 



LIGHT LEVELS 
CLASSROOM NO, 6 




ART I F I C I AL I LL UM I NAT I ON 

FIXTURES: FLUORISCINT, 18 93W (2-48" TUBES) 
MOUNTING: SUSPENDED 8'-9" AFF 
LENS: IGG CRATE LOUVER 
2 SWITCHIS 

SS6 



1767W 
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Conditions 



b 



27'- 6" 



BO 



\ 
\ 



350\ l6o^ \ 65 

I 
I 

1450 1 180 

250 
I 

450 I 150 



65 \^45 45 351 



I 



60 '^^ ^ 



60 \ 401 



110\ \ 70 / 80 \ 60 



60 



I ^ 

lot) 
1 
I 
I 

100 80 ^''60 



\ 

75 
I 

80/ 55 

/ 

/ 

/ 

/ 



-|45Cy 130 

/ -^-^i^VL » ^ 



60 



m 28 


45 


45 


35 


25H 


1 - 1 



FC READINGS 



N 
▲ 



FIXTURE PATTERN 

ELEMENTARY SCHOOL (1958) 
3/6/ 11 : 15 AM 

WEATHER: SUNNY, PARTIAL OVERCAST 
CEILING HEIGHT: 10-0" 
CHALKBOARD: NORTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 
WINDOWS: 6 (<? ^' X 6'-V' 



350 - '♦SO FC 



FIGURE g-l/85 

Qhsmm 

LIGHT LEVELS 
O "ILASSROOM NO. T 

ERIC 



ART I F I C I A L I LL UM I N AT I ON 

FIXTURES: FLUORESCENT 18 93W (2-'i8"TUBES) = 1 767W 
MOUNTING: SUSPENDED ^ 8'-9" AFF 
LENS: EGG CRATE LOUVER 
2 SWITCHES 
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ELEMENTARY SCHOOL (1905) 

3/6/7^ 11 :30 AM 
WEATHER: OVERCAST 
CEILING HEIGHT: U'-O" 
CHALKBOARD: SOUTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 350 FC 
WINDOWS: 3' X I0'-6" 



KIGUHE g-1/9! 
OBSERVED 
LIGHT LEVELS 
rn?r>-CLASSROOM NO. 6 



ARTIFICIAL ILLUMINATION 

FIXTURES: FLUORESCENT, 5 p 1 86W (i»-i»8" TUBES) = 930W 
MOUNTING: SUSPENDED % I0'-6" AFF 
LENS: 1/2" x 1/2" LOUVER 
2 SWITCHES 
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Environmental 

Conditions 
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FIXTURE PATTERN 

ELEMENTARY SCHOOL (1905) 

3/6/7'* 1 1 :'*5 AM 
WEATHER: PARTIAL OVERCAST 
CEILING HEIGHT: I^^'-O" 
CHALKBOARD: EAST WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 
WINDOWS: 3'-8" x S'"'*" 



110 FC 
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FIGURE g-l/lOs 
OBSERVED 
LIGHT LEVELS 
CLASSROOM NO. 9 



ARTIFICIAL ILLUMINATION 

FIXTURES: FLUORESCENT, 6 ^ 186W ('♦-'♦8" TUBES) = lir6W 
MOUNTING: SUSPENDED @ lO'-6" AFF 
LENS: 1/2" x 1/2" LOUVER 
2 SWITCHES 
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Environmental 
Conditions 
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FIXTURE PATTERN 



ELEMENTARY SCHOOL (1905) 
3/6/74 12:00 

WEATHER: SUNNY, PARTIAL OVERCAST 
CEILING HEIGHT: lV-0" 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOWS SILL: 300 - 450 FC 
WINDOWS: 3'-6" x lO-O" 



PIGUBl g-1/11: 
OBSEEVID 
LIGHT LEVELS 
Q CLASSROOM m, 10 

ERIC 



ARTIFI CIAL ILLUMINAT I ON 

FIXTURES: FLUORESCENT, 6 ^ l86W(2-96" TUBES) 
5 FIXTURES LIGHTED = 930W 
MOUNTING: SUSPENDED @ lO'-O" AFF 
LENS: EGG CRATE LOUVER 
2 SWITCHES 
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ELEMENTARY SCHOOL (1905) 

l/(>/lk 12:15 PM 
WEATHFR: PARTIAL OVERCAST 
CEILING HEIGHT: 13'"6" 
CHALKBOARD: EAST 6 WEST WALLS 



NATURAL ILLUMINATION 

INCIDENT LtGHT AT WINDOW SILL: 260 - ^50 FC 
WINDOWS: 5'-6" X lO'-O" 



FIGURE |«1/12j 
OBSERVED 
LIGHT LEVELS 
O CLASSROOM NO. 11 

ERIC 



ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 
MOUNTING: SUSPENDED @ 9' 
LENS: MILK GLASS 
2 SWITCHES 
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DROPPED BEAM @ 8' -6" AFF 



FIXTURE PATTERN 



ELEMENTARY SCHOOL (1961) 

3/6/7^ 1:25 PM 
WEATHER: PARTLY OVERCAST 
CEILING HEIGHT: 9'-6" 
CHALKBOARD: EAST WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 350 - 700 FC 
WINDOWS: 3'-V' x 5'-6" 



FIGURE g-1/13! 
OBBERVM) 
LIGHT LEVELS 
CLASSROOM NO. 12 




ARTIFICIAL ILLUMINATION 

FIXTURES: FLUORESCENT, 6 @ ISSW (2-96" TUBES) 
MOUNTING: SUSPENDED @ 8' -6" AFF 
LENS: IGG CRATE LOUVER 
2 SWITCHES '■ 



observea 

Environmental 

Conditions 



29U 10" 



o 



12 ^""30 ^ " 50-- . 35 25 30 
25 \ 

32 /60 65 50^ 40 35 
50 

3Si I GO 65 65 ^50-' 60 
/ ^--'75 

45 V 130 lOO*^ 130 "90 "75 

V '''"°\ / ' 

100^ - 260 ^ ^ 450_ \ 21Q 400 

450"' "' tX "too .150 0 170O 1900 
FC READINGS 




FIXTURE PATTERN 



DROPPED BEAM @ 8'-f" AFF 



ELEMENTARY SCHOOL (1961) 

3/6/7^* 1:40 PM 
WEATHER: SUNNY S OVERCAST 
CEILING HEIGHT: 9'"6" 
CHALKBOARD: WEST WALL 



NATURAL ILLUMINATI ON 

INCIDENT LIGHT AT WINDOW SILL: '♦SO - 1900 FC 
WINDOWS: 3'-V' x S'-6" 




FIGURE g-l/lU: 
OBS^VED 
LIGHT LEVELS 
CLASSBOOM NO. 13 



ARTIFICIAL I LLUMINAT I ON 

FIXTURES: FLUORESCENT, 6 § 186W (2-$6" TUBES) 
MOUNTING: SUSPENDED ^ 8'-6" AFF 
LENS: EGG CRATE LOUVER 
2 SWITCHES 
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DROPPED BEAM @ 8' -6" AFF 



FIXTURE PATTERN 



ELEMENTARY SCHOOL (1961) 

3/6/7'* 1:50 PM 
WEATHER: OVERCAST, VARIABLE 
CEILING HEIGHT: 9'-6" 
CHALKBOARD: NORTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 
WINDOWS: 3'-V' x 5'-6" 



275 - 1000 FC 



ERIC 



FIGURE g-1/15: 

LIGHT LEVELS 
CLABSBOOM NO. ih 



ART IFIC lAL I L LUM I NAT J ON 

FIXTURES: FLUORESCENT, 6 § lS6W (2-96" TUBES) 
MOUNTING! SUSPENDED § 8'-6" AFF 
LINSt IGG CRATE LOUVER 
2 SW.ITCHES 
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DROPPED BEAM @ 8' -6" AFF 



FIXTURE PATTERN 

ELEMENTARY SCHOOL (1961) 

3/6/7'* 2:00 PM 
WEATHER: OVERCAST, VARIABLE 
CEILING HEIGHT: 9'-6" 
CHALKBOARD: SOUTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 
WINDOWS: 3'-V' x 5'-6" 



260 - 500 FC 



FlOimE g-l/l6s 
OBSERVE 
LIGHT LEVELS 
CLASSROOM NO. 1$ 



ERJC 



ARTIFICIAL ILLUMINATION 

FIXTURES: FLUORESCENT, 6 
MOUNTING: SUSPENDED ^ 8' 
LENS: EGG CRATE LOUVER 
2 SWITCHES 
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FIXTURE PATTERN 



ELEMENTARY SCHOOL (1968) 

3/6/74 2:15 PM 
WEATHER: CLOUDY, VARIABLE 
CEILING HEIGHT: 10'-3" 
CHALKBOARD: EAST WALL 

4, 



NATURAL I LLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 275 - 750 FC 
WINDOWS: 3'-0" x 6'-0" 



FIGURE g-l/lT: 



LIGHT LEVELS 
CLASSROOM NO. l6 




ARTIFICIAL LL L UiiiNATJQN 

FIXTURES: FLUORISCINT, 9 1 iS6W (2-96" TUBIS) « U74W 
MOUNTING: SUSPINDID H 8'-6" AFF 
LlNl! IGG CRATi LOUVER 
2 SWITCHES 
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JUNIOR HIGH SCHOOL (1968) 

3/(>/7^ 2:30 PM 
WEATHER: VARIABLE 
CEILING HEIGHT: 8'-8" 
CHALKBOARD: WEST WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: l80 - 1000 FC 
WINDOWS: 3'-0" x 6'-0" 



PIGURE g-l/l8: 

LIGHT LEVELS 
CLASSROOM NO. IT 



ERIC 



ART I Fl CI AL ILLUMINATION 

FIXTURES: FLUORESCENT, $ § t86W (2-96" TUBES) 
MOUNTING: SUSPINDID § 8'-2" AFF 
LENS: IGO CRATE LOUVIR 
2 SWITCHES 
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HIGH SCHOOL (190^ 

3/6/7'» 3:00 PM 
WEATHER: VARIABLE 
CEILING HEIGHT: lV-0" 
CHALKBOARD: SOUTH WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 
WINDOWS: 5'-0" x ll'-O" 



500 FC 



FIGURE g-1/19: 
OBSERVED 
LIGHT LEVELS 
CLASSROOM NO. l8 
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ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 5 p 200W = lOOOW 
MOUNTING: SUSPENDED @ 8'-6" AFF 
LENS: MILK GLASS 
2 SWITCHES 
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HIGH SCHOOL (190M 

ll^llh 3:15 PM 
WEATHER: OVERCAST, VARIABLE 
CEILING HEIGHT: lV-0" 
CHALKBOARD:* NORTH & SOUTH WALLS 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 275 - 350 FC 
WINDOWS: 5'-0" x lO'-O" 



ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 5 @ 200W = lOOOW 
MOUNTING: SUSPENDED % 8'-6" AFF 

FIGURE g-1/20: LENS: MILK GLASS 

OBSEBVED 2 SWITCHES 
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CLASSROOM NO. 19 
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FIXTURE PATTERN 



HIGH SCHOOL (190^) 

3/(>/7^ 3:30 PM 
WEATHER: OVERCAST, VARIABLE 
CEILING HEIGHT: U'-O" 
CHALKBOARD: EAST WALL 



NATURAL ILLUMINATION 

INCIDENT LIGHT AT WINDOW SILL: 260 - '♦SO FC 
WINDOWS: 5' 0" X II '-0" 



ARTIFICIAL ILLUMINATION 

FIXTURES: INCANDESCENT, 5 @ 200W i 1000W 
MOUNTING: SUSPENDED (? 8'-6" AFF 
LENS: MILK GLASS 
PIGUBE g-1/21: 2 SWITCHES 

OBSERVED 
LIGHT LEVELS 
CLASSROOM NO. 20 
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environmental 

conditions 



2 • ANALYSIS 
OF OBSERVED 
VENTILATION 
PERFORMANCE 



It is apparent from the figures presented in sub-report f on 
Fuel and Electricity Use in New York City Schools, that the 
re-evaluation of outside air requirements offers the possi- 
bility of substantial energy savings. In order to do this^ 
it is necessary to redefine the reasons for introducing out- 
side air. 



Life support : A certain quantity of air is required to re- 
place oxygen consumed by respiration and to dissipate carbon 
dioxide and other by-products of respiration • 



Odor control : Outside air is requiied to dissipate disagree- 
able odors . 



Thermal control : Outside air is introduced in order to dis- 
sipate internal or solar heat gain tending to raise interior 
temperatures above the desired maximum level. (Notes this 
is only effective when outside temperatures are lower than 
inside temperatures ) » 

A series of studies have been carried out which indicate that 
under normal conditions life support and odor control can be 
satisfied by the introduction of 5 cfm/occupant in enclosed 
spaces where smoking or strenuous activity does not take 
place. It should be noted that this measure includes numer- 
ous safety factors: 

1. No credit is taken for the introduction of air into 
classrooms during period breaks when doors are opened and 
closed. 



2. No credit is taken for the "recharging" of the entire 
building due to infiltration when it is unoccupied during the 
night and on weekends. 

3* The actual calculated requirement for Og and COg con- 
^^-2/1 trol in classroom is about 2.38 cfm/occupant, adding a 100 
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percent safety factor on top of the other considerations 
(see Kevins Study on the following pages). 

Where a high degree of activity is anticipated, the intro- 
duction of 15 cfm/active occupant should be provided. The 
differentiation between active and passive occupant becomes 
important in the case of gymnasiums, for example, where some 
occupants will be highly active; however, there may be a 
large number of spectators who will be relatively passive. 
In setting ventilation rates, consideration should be given 
to the fact that one space can be anticipated to have two 
kinds o'f occupancy simultaneously. 

The basic ventilation rates indicated above will be required 
whenever the space in question is occupied regardless of 
heating or cooling demeuids. They become the basic standards 
for outside air introduction. Additional outside air for 
cooling may be required at times. This should be introduced 
by either varying the output of the base system or by wholly 
independent means. In either case, the control for this ad- 
ditional air should be handled in a way reflecting the con- 
ditions which call for the increase, that is, it should be 
responsive to internal and external temperatures. Manually 
controlled operable windows actually work in this way. The 
occupants of a space act as the sensing and the operating 
mechanisms. When they feel warm, they open a window causing 
an increase in outside air to enter. The exact quantity of 
this increase is difficult to predict exactly; however, ex- 
perience and generally accepted formulas indicate that, 
given moderate proportions of operable window area to floor 
area (say five to ten percent), the amount will be under 
most circumstances greater than the standards currently set. 

In the middle of April of this year, the National Bureau of 
Standards in cooperation with this study conducted a series 
of tests in a classroom in a New York City school. Hie ven- 
tilation rates were varied from day to day. The temperature, 
relative humidity, oxygen and carbon dioxide levels were con* 
tinuously monitored and recorded. The rate of exhaust at the 
grilles was measured when one or more grilles were operating 
and the rate of air change was measured for various conditions • 
In addition, a trained psychologist observed each class to 
determine whether any noticable signs of discomfort were ex- 
hibited by the occupants and whether any disagreeable odors 
could be detected. The results which are contained' in a 
companion report by the National Bureau of Standards indicate 
that all conditions under consideration were entirely ade- 
quate when outside air was entering the room at rates as low 
as k cfm/occupant allowing a 100 percent safety factor. 

Dr. Ralph G. Nevins, who has been active in the field Of en* 
vironmental conditions and hiaman response for many yeaj?s and 
whose work has been the basis for numerous standards^ includ- 
ing a sizable role in the latest ASHRAE reeommendations has 
prepared a survey of criteria for school ventilation ♦ Biis 
o sufvey included as part of this sub- report^ indicates that 



Observed Environ- 
mental Conditions 



5 cfra is sufficient to conform with all health and safety 

Observed Environ- requirements. Under most conditions, open windows will pK)- 
mental Conditions vide more outside air than is currently specified under ex- 
isting standards for mechanically supplied outside air. 



NEVINS STUDY The minimum -requirements for introduction of outside air in- 

to an enclosed space are based on oacygen replacement and 
carbon dioxide removal requirements resulting from respira- 
tion. Sufficient fresh air must be supplied -to the space 
to maintain an adequate concentration of oxygen and to dil- 
lute the carbon dioxide which is produced as a product of 
the respiration. Table 1 indicates the approximate relation- 
ship between physical activity, energy expenditure, oagrgen 
consumption, carbon dioxide production and the rate of 
breathing (l)*. 



Table 1 



Energy Expenditure, Oxygen Consumption, Carbon 
Dioxide Production & Rate of Breathing of Men 



Activity 



Energy Ex- 
penditure 
btuh 



Oxygen Con- 

suinption 

cfh 



Carbon Di- Rate of 



oxide Pro- ; 
duction cfh; 



Breath- 
ing cfh 



Prone , 
rest 



300 



0.60 



0.50 



15 



Seated, 
Sedentary 



1»00 



0.80 



0.67 



20 



Stroll- 
ing 



600 



1.20 



1.00 



30 



Walking 
3 mph 



1000 



2.00 



1.67 



50 



As early as l883, Hermans of Amsterdam demonstrated clearly 
that the air of a chamber containing only 13% of OJQrgen and 
2%"^% of carbon dioxide was not toxic (2). Other investi* 
gators in the United States, Germany and England cbnfirffled 
these findings. Landsberg (3) reeominends as specification 
for adequate air quality an oxygen content of 18^21^ and 
a carbon dioxide content of 0.6% as a maximum flguife. The 
range of oxygen content coincides with the possible varia- 
tions in ambient air oxygen partial pressure Whidh occurs 
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* Numbers in parenthesis refer to references listed at end 
of the report. #s>i#i 



natually due to fluctuation in barometric pressure or with 

Observed Environ- a change in altitude. At sea level, where the normal baro- 
mental Conditions metric pressure is 76O mm Hg, the ambient air oxygen partial 

pressure will be 159 mm Hg. During periods of high baro- 
metric pressiire, the ambient oxygen partial pressure can 
reach 171 mm Hg; and during periods of low barometric pres- 
sure, the ambient partial pressure will rsach 139 mm Hg. 
Related back to the standard barometric pressure of 76O mm 
Hg, this is a range of percent by volume of 18^-23^. Simi- 
larly, at an altitude of I*, 000 feet, the ambient air oxygen 
partial pressure, for the standard barometric pressure at 
that altitude, will have fallen to 137 mm Hg which is equiva- 
lent to a sea level oxygen content of lQ% by ^^olume (h) . 

Navy studies of carbon dioxide toxicity reported by Schaefer 
(5) resulted in the folJ.owing three levels to be used as 
tolerance limits: 



1. 3 percent carbon dioxide as abo'\'e: the level producing 
performance deterioration, alterations in basic physio- 
logical functions is expressed in changes of weight, 
blood pressure^, pulse rate 5 metabolism and, finally ; 
pathological changes. 

2. 1.5 percent carbon dioxide; the level at which basic per- 
formance and physiological functions are not affected. 
Under these conditions, however, slow adaptive processes 
are observed in electrolyte exchange and acid base bal^^ 
ance regulations which might induce patho-physiological 
states on greatly prolonged exposure. 

3- 0.5 - 0.8 percent carbon dioxide; the level at which 
probably no significant physiological, psychological or 
adaptive changes occur. The current British threshold 
limit value for carbon dioxide is 0.5 percent (6). The 
same value was also reported by Jennings {7J for use in 
the United States. 



Ventilation 
Requirement 
for Minimum 
Oxygen Level 



Using 18 percent as the minimum allowable concentration by 
volume for oxygen in a given space and assuming the activi- 
ty level to be sedentary with an oxygen consumption of O.8O 
cfh, the required ventilation rate of outside air contain- 
ing 20.6 percent oxygen would be 0.51 cfm/person. A sim- 
plified equation used to determine this value is; 



where 



Q 

Q 
P 
C 



in 



out 



P/60 

= Ventilation rate, cfm/person 
= Og consumption, cfh/person 
- Og in ventilation air^ percent 
in room air, percent 
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Ventilation Rate 
to Maintain Maxi- 
mum Carbon Dioxide 
Level 



ASHRAE Ventila- 
tion Code Minimum 
Rate 



Natural Ventila- 
tion Through 
Open Windows 



For a threshold limit value for carbon dioxide of 0.5 per- 
cent and with the ventilation air containing 0.03 percent 
carbon dioxide, the necessary ventilation rate can be deter- 
mined from Equation 1 by replacing P with the carbon dioxide 
production in cfh/person and reversing the subscripts on the 
valuer of C. Therefore, the minimum ventilation rate to 
satisfy the carbon dioxide specifications for a sedentarj'' 
occupant would be 2.38 cfra/person. From the two simple 
calculations above, it is apparent that the governing fac- 
tor* for the minimum ventilation rate is determined by that 
necessary to maintain the maximum level of carbon dioxide. 

The ASHRAE Standard, 1962-73, for natural and mechanical 
ventilation, specifies ventilation requirements for 100 per- 
cent outdoor air when the outdoor air meets certain speci- 
fications for air quality. The reduction in the amount of 
outside air is allowed when adequate temperature control is 
provided. Further reduction is permitted if high efficient 
absorption or other odor and gas removal equipment is em- 
ployed. For the purpose of this report, however, the im- 
portant specification is that in no case shall the outdoor 
air quantity be less than 5 cfm/person (8). It is inter- 
esting to note that in two proposed standards, the Austral- 
ian proposed standard for mechanical ventilation and air- 
conditioning in buildings (draft dated November 1973) an 
equivalent recommendation is made: i.e., a minimum ventila- 
tion requirement of 5 cfm/person. The proposed ASHRAE 
standard 90 P, a standard for energy conservation in new 
buildings, currently has a requirement for a minimum ven- 
tilation of 5 cfta/person. 

The recommended 5.0 cfm/person would appear to have a 100 
percent safety factor in that the requirement for carbon 
dioxide dilution was found to be 2.38 cfm/person. In other 
words, the recommended value provides approximately 2.5 
cfm/person for odor dilution. In the opinion of the ASHRAE 
Committee which formulated 62-73, if the space temperature 
is in the comfort zone so that no visible sweating occurs, 
and assuming no smoking or other source of contaminant 
generation, 2.5 cfm/person may be sufficient for odor con- 
trol. This is based on personal experience and current 
practice recognizing the changes in hygiene and health 
which occurred over the past twenty to thirty years. 

The natural forces available for moving air into, througji 
and out of buildings are (a) wind forces; (b) forces due 
to stack effect; i.e.^ differenpe in temperature between 
the air inside and outside the building. Obviously it ia 
very difficult to estimate the effect of wind since the 
wind velocity varies with time and direction. In addition, 
the local wind is effected by buildings, hills and other 
obstructions in the vicinity of the structure under consid- 
eration. In almost all localities, summer wind velocities 
are lower than those of the winter. In addition, the pre** 
vailing wind direction will be different during the bUffimer 
and the winter. i34S 
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Cfbserved Environ- 
mental Conditioas 



The flow of air through ventilation openings (windows) can 
be determined from Equation below: 



where 



Q = EAV 



(2) 



Q = air flow, cfm 

A = free area of openings, sf 

V = wind velocity, fpm 

E = effectiveness of openings 



The effectiveness of an opening will vary with wifld direc- 
tion. Therefore, E should be taken as 0.5 - 0.6 for perpen- 
dicular winds; and 0.25 - 0.35 for diagonal winds. For flow 
due to a temperature difference between the room and the 
outside (stack effect): 

Q = 9.1* A h (t^ - t^) (3) 

where 



Q = air flow, cf/m 

A = free area of inlets, sf 

h = height from inlets to outlets, ft 

t. = average temperature of indoor air 

^ at height, h, P 



t^ = temperature of outdoor air, P 

9.^ = constant of proportionality including 
a value of 65 percent for effectiveness 
of openings. This shoiHd be reduced to 
50 percent; i.e., constant equal 7.2 if 
conditions are not favorable. 



Both equations come from the ASHRAE Handbook of Pundaaentals > 
Chapter 19 on Infiltration and Natural Ventilation, 1972. 

Using Equation 2 and assuming that the open window area will 
be 5 percent of the floor area of a standard classroom of 
750 sf, the volume of air entering the room when a perpen* 
dicular wind of five miles an hour impinges on the building 
will be 8,250 cfm. for 32 students in this elassrooaij the 
ventilation per Student would be 257*8 efta/person. Assximing 
a 9 ft ceiling, this would represent an air change rate Of 
73 air changes per hour# 



in a recent study by A.G. Loudon at the Building i\e§eareh Sta- 
tion in England^ ventilation rates of 10 air changes pes* 
hour for sehools with open windows on one side only were 
used to predict peait indoor temperatures. 
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In schools with windows on more than one side, air change 

Observed Environ- rates were increased to 30 (9). Again, assuming the class- 
mental Conditions room is 750 sf x 9' high or a volume of 6750 cu ft, ten air 

changes per hour would represent an inflow of outside air 
of 67,500 cfh or 1,125 cfm. For 32 students in the class- 
room, this would represent a ventilation rate of 35 cfm/ 
person . 

The 1931 comprehensive study of School Ventilation by the 
New York Commission on Ventilation concluded that 10 to 15 
cfm/person was an adequate fresh air requirement for school- 
rooms and that this quantity could be obtained by "window 
gravity ventilation" (11 ). 

Equations, similar to equations (l) and (2) based on the 
pressure difference created either by the wind pressure or 
the temperature difference, can be obtained from the IHVE 
Guide, Book B, 1972. Calculated ventilation flows, using 
the IHVE procedures for wind effect and stacl' effect for 
inlet and outlet openings of equal area, are given in Table 
2 and 3. The table is based on an inlet and outlet area of 
1.0 sf. 



Table 2. Natural Ventilation Rate by Wind Effect 
cfm/sq. meter (cfm/sf) 


Bid. 

Ht. 

mtr 


/ind 
vel. 

\ 


Open Country j Suburban 

mtr/sec. mph | mtr /sec, arph 
9 20.1 1 5.5 12.3 


City Center 

mtr/sec. mph 
3. 6.7 


10 


35.8 


9,1*35 (877) 1 5,678 (527) 
— i 


3,035 i?-B2) 


20 


65.6 


10,366 (963) : 6,898 (61*1) 

1 — 


1^,109 (382) 

u 
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Table 3. Natural Ventilation Rate by Stack Effect 
cfm/sq. meter (cfm/sf) 



t^-t 

^c 


Bldg. 
Ht. 


meters ft 
5. 16.1* 


meters ft 
10. 32.8 


meters ft 
20. 63.6 


-10 

0 
10 
20 


-18 

0 

18 
36 


-1838 (-171) 
0 (0) 
1838 (ITl) 
2569 (239) 


-2569 (-239) 

0 (0) 

2569 (239) 
3633 (338) 


-3633 (-338) 

0 (0) 

3633 (338) 
5108 (1+75) 



As indicated above, calculation of infiltration or ventila- 

Observed Environ- tion through open windows requires several assumptions. For 
mental Conditions this reason, the "air change" method is often used. Values 

of 1.0 to 2.0 air changes per hour (ACPH) have been measured 
in residential buildings, classrooms and commercial build- 
ings as normal leakage around windows, doors, etc. (12). 
Ventilation through open windows can produce air change 
rates of 10 to 30 per hour. Table k indicates the expected 
flow rate in a 750 sf classroom with a 9 ft ceiling. 



Table 1*. Range of Natural Ventilation Plow Rates 


Air changes 
per hour 




Flow Rate* 
cfm 


Flow Rate/Student** 
cfm/person 

! 


1 

2 

J 

20 

30 : 


112.5 ! 3.5 1 
225.0 1 7.0 i 
562.5 I 17.6 j 
1125.0 ; 35.2 i 
2250.0 i 70.3 i 
3375.0 ! 105.5 ! 
i 1 




* Classroom 750 sf j 9 ft ceiling height 
3^ studeats 



References for (l) ASHBAE Guide and Data Book, Applications, Chapter l6, 

Nevins Study Survival Shelters, 1971* p. l82. 



(2) Winslow, C.E.A. and L.P. Herrington, Teiroerature and 

Human Life , Princeton Univ. Press, 19W, p. 170. 

(3) Landsberg, H.E., Controlled Climate, Chapter 27i Medi- 

cal Climatology . Ed. S. Licht, E. Ucht, New 
Haven, COnn., 1961*, p. 692. 

(h) Houston, C.S., Effects of High Altitude {Oxygen Lack), 
Chapter l6. Medical Climatology, Ed. S, Licht, 
E. Licht, New Haven, Conn., 196U, p. 1*71. 

(5) Schaefer, K.E. , A Concept of Triple Tolerance Limits 

Based on Chronic COg Toxicity Studies, Proc. 
Envii'onmental Engineering in Protective 
Shelters, NAS/NRC, Wash., D.C., I960, p. 1*9. 

(6) Institution of Heating and Ventilating Engineers, 

Guide, Book A, IHVE London, 1971, p. A 1-9. 

(7) Jennings, B.H. and J. A. Armstrong, Ventilation Theoiy 

and Practice, Trans. ASHRAE, Vol. 77, Part 1, 
1971, p. I. II. I. 

(8) ASHRAE STANDARD 62-73, Standards for Natural and Me- 

chanical Ventilation, ASHRAE, N.Y., 1973, p. 5. 

(9) Loudon, A.G., Summertime Temperatures in Buildings, 

Building Research Station Current Paper 1*7/68, 
Gars ton, England, May, 1968. 

(10) Langdon, F.J. and A.G. Loudon, Discomfort in Schools 

from Overheating in Summer, Building Research 
Station Current Paper 19/70, Garston, England, 
June, 1970. 

(11 ) Ventilation, Report of the New York State Commission 

on Ventilation, C.E.A. Winslow, Chairman, 
E.P. Dutton, N.Y., 1923. 
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1 • SURVEY OP 
LIGHTING LITERATURE 



Light Level 
Determination 
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Since the twenties, when serious attention was first given 
to light, levels and related aspects of vision, the trend has 
been an ever- increasing illumination level in accordance 
with the assumed theory that more light is better. "More 
li^t increases the amount and the rate of information re- 
covery," said one representative of the lighting industry 
in i960, "and indoor lighting levels will rise with the 
standard of living until they are similar to outdoor levels. 
Comparisons between man's footcandle standards and light 
levels found in nature were given as follows: 

30 fc (lES recommendations for school lighting in 19^^) 
70 fc (lES recommendations for school lighting in 1959) 
350 fc (measured in shade of tree) 
3,500 fc (average daylight year-round in NYC) 

Though 3,500 footcandles have not been suggested for class- 
room lighting, the increase from 30-70 fc within an eleven 
year span is considerable. 

The rationale for the latest increase is contained in a 
1959 report published by the Illuminating Engineering Soci- 
ety based on a study conducted by H.R. Blackwell (Director, 
Vi£Sion Research Laboratories, University of Michigan, at 
time of research). Experiments conducted with a Visual Task 
Evaluator, an optical device designed to measure contrast 
values of simulated tasks, reniilted in values of il- 
lumination in footcandles. It is assumed that 99 percent 
accuracy is required for carrying out visual tasks ranging 
from reading a poor quality reproduction to a sample of 
good ink writing. According to the lES Lighting Handbook 
(5th Edition, based on the Blackvell findings) the greater 
part of a student's visual time applieation is spent ©n 
tasks reauiring 70-100 fd Equivalent Sphere Illumination 
(writing with pencil, reading, working with duplieated 
material). It is then eoneluded that the general li#it 
level should be designed for the most difficult eemmonly 

^50 



h-1/2 found tasks. While perfect general illumination uniformity is 

School Lighting usually unfeasible, the lES Handbook contends jthat uniformity 

is acceptable if the maximum and minimum values in the work- 
space of the room are not more that 1/6 above or below average . 

The outcome of this approach to lighting design ia a uni- 
formly high light level which will provide for accomplish- 
ment of the most demanding task at any location within the 
space. 

"The effect of new light levels" was the main topic of the 
1959 conference of the Building Research Institute in which 
Fisher S. Black said in his keynote speech "A new revolution 
has come to the lighting industry. It all started with the 
release last year of the Blackwell report. The lES then 
took the lighting levels recommended by Blackwell and appli- 
ed them to hundreds of seeing tasks and came up with new 
lighting levels ... too much light? ... we cannot have too 
much light." 

In an article (Jan/Feb '69) entitled "Why more footcandles 
are being recommended for schools ," .the editors of Better 
light, Better Sight News suggested that "The technical so- 
cieties that make recommendations — notably the Illuminat- 
ing Engineering Society ~ have recognized the engineering 
obligation of balancing visual goals with economic and 
scientific practicality. Recommendations must bear some re- 
lation to our capabilities for achieving them. And only 
recently could we obtain ~ and actually afford to obtain 
— the 50-500 fc which many experts feel covers the ideal 
range for working vision under the conditions of modem 
civilization. " 



British Illumina- In contrast is the British attitude towards lighting as ex- 
tion Levels pressed in the official government Bulletin No. 33 on 

'Lighting in Schools.' Britain also uses the recommenda- 
tions ot its Illuminating Engineering Society for maintain- 
ing illumination levels in schools and colleges. However, 
it is stated in the bulletin, 

"these are not the Department's official recommen- 
dations and the actual quantity of lighting provided 
will have to be decided after consideration of the 
likely capital cost of the electrical installation 
(and of the charges for current), bearing in mind 
the principle that it is desirable that the money 
available for a school should be distributed in a 
balanced fashion over the various elements in the 
building. It may well be necessary to choose a 
level of lighting which falls between the IM Code 
figures and the Regulation minimum of 10 Im/sf * . . 
To ensure that none of the working areas in the 
room fall beneath this, it is neeeesaiy to desi^ 
for a higher average level of illumination. Bie 
reason why this level was chosen as the ffiinimum 
Q was that research work had shown that ftt least 
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four-fifths of school children achieved a good 
standard of vision at 10 Im/sf and could see 
well enough to do normal school work such as 
raiding 3/V high writing on a chalkboard at a 
distance of 30 ft. Below this level of illum- 
ination visual acuity fell away rapidly. Above 
10 Im/sf it was found that visual performance 
did not improve proportionately with increases 
in the level of illumination." 

The bulletin further suggests that instead of light level 
increases , ' 

"Visual tasks can be made easier by an increase 
in contrast or size of details... Thus for the 
teacher to write on the chalkboard with letters 
iV high instead of l" high would be as effec- 
tive in improving visibility as would raising 
the level of illumination by ten times... For a 
child to move 1| ft closer to the chalkboard will 
have visual advantages for him which can only be 
matched by raising the level of illumination by 
30 times. Higher levels of illumination will be 
needed for specialized classrooms but regulations 
deal only in general terms and leave engineers and 
architects to use their own Judgement." 

Similar conclusions for illumination levels in schools were 
reached by several U.S. educators whose experiments were 
published in 1965 in the book 'Bases for Effective Reading". 
In it the author Miles A. Tinker reviews his own research 
and that of others conducted over the past 25 years. Con- 
cerning light level requirements for reading, he states: 

"Data on the relation of visual acuity to intensi- 
ty of li^t reveal the following trends: visual 
acuity increases rapidly as light intensity is 
increased from a fraction of a f c to 5 fc and then 
gradually in acuity up to between 25-^0 fc. As 
the illumination intensity is further increased 
up to 100 fc or even above 1,000 fc, the improve- 
ments in acuity are slight. Although the gains 
in acuity with intensities above 50 fc may have 
theoretical implications, they have no practical 
significance for reading. To argue from these 
data that high intensities are best for ordinary 
reading is not valid. Size of the object to be 
discriminated is a factor in seeing. Relation 
between light intensity and speed of vision is 
logarithmic. Plotted curves are deceptive (minute 
gains for the higher intensities look big) and 
should not be employed to specify illumination 
^'^f reading. Visual acuity measitfements have 
een used widely as a basis fpr prescribing il- 
lumination for reading* Luekiesh, and Luekiesh 
& Moss list visual s,s a basic factor in 
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seeing and by Implication in specific visual 
tasks such as reading. They state that, for 
black test objects on a white background, visual 
acuity improves up to 100 fc. As a matter of 
fact, lythgoe has demonstrated that under certain 
conditions of measurement visual acuity improves 
up to and beyond 1,000 fc. But inspection of his 
data reveals that gains in acuity, when illumina- 
tion intensity is doubled, are very sli^t for 
levels above about 20 fc. It is questionable 
whether the almost microscopic gains in visual 
acuity obtained under the relatively high fc of 
light Justify their application to visual tasks 
such as reading where suprathreshold visibility 
is involved. Visual acuity measurements yield 
threshold values of seeing. Evaluation of all 
the data on increase of visual acuity with in- 
crease of light intensity indicates that they have 
little value as a basis for prescribing illumina- 
tion for reading." 



According to experiments by lythgoe, visual acuity continued 
to improve to 1,275 fL but the increase in acuity by doubl- 
ing the brightness was ext.remely small beyond 38.8 fL. 

Unlike Blackwell, Tinker sees the reading. task in terms of 
continuous visual patterns, composed of words and sentences, 
rather than individual letters. The implication for school 
lighting \evels is that reading is not one of the activities 
that is performed at the threshold of visual capability. It 
does not require the precision that would be needed to read 
a vernier on a surveyor *s transit, for example. As a resiilt, 
tests to determine accuracy of perception under threshold 
conditions do not establish significant data for less de- 
manding visual tasks. 



Effect of 
Adaptation 
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Tinker placer particular emphasis on the effect of adapta* 
tion upon visual efficiency. First, the aperture of the 
iris contracts or expands to regulate the amount of li^t 
entering the eye. Secondly, the retina adjusts its sensi- 
tivity to changes in levels of brightness of the light fall- 
ing upon its surface. "The normal eye," he says, "has a 
remarkable ability to adapt for clear vision to a wide range 
of light intensities from relatively dim to veiy bright. 
Research indicates that this function resides in the retina. 
... It takes 7 to 8 minutes for the eones to adapt to dim 
light, and 60 to 90 seconds to adapt to bright li^t. fhe 
effect of adaptation upon visual efficiency is Illustrated 
in an experiment by Tinker. He determined speed of reading 
under various intensities of light with 2 minutes ©f adapta^ 
tion to each illumination used and also vlth 15 ffllnutes of 
adaptation to the li#it levels. The Illumination Intensi- 
ties employed vere.O.lj 0.?^ 3.1» 10. 3» 17. and 53.3 fc. 
With only minutes of adaptation, light Intenflltles below 
10.3 fe significantly retarded speed of reading. The rate 
of reading was thelsaae for 10.3* ll.h and 53.3 fe. In eon« 



trast, with 15 minutes of adaptation, only the light inten- 
sities below 3.1 fc significantly retarded speed of reading, 
while the reading rate was the same for 3.1 fc and above. 
Thus, with ample time for adaptation (15 minutes) the speed 
and accuracy of vision in reading was as good at 3.1 fc as 
at the bri^ter levels of illumination. Adequate adaptation 
to the dimmer li^t produced greater visual efficiency than 
when no adaptation was provided for." 

Various attempts have been made to arrive at light levels by 
reader preference. "In all studies reported," says Tinker, 
"the authors neglected the role of Hsual adaptation. This 
led to erroneous specification of -'^h intensities for 
reading. In an intensive investigation with ikk university 
students as subjects. Tinker determined the effect of visual 
adaptation upon intensity of diffused light preferred for 
reading. At one lab session, subjects adapted 15 minutes to 
8 fc, at another to 52 fc. When adapted to 8 fc, subjects 
tended to choose 8 fc as most comfortable; when adapted to 
52 fc, they chose 52 fc most often... Apparently, by picking 
an intensity and adapting the reader to it, one can obtain 
preference for that intensity. If the investigator is in- 
terested in promoting use of lights of high intensity, the 
method of preferences will support it." 

According to Tinker, the following light intensities should 
be adequate for reading: 

For sustained reading of books and 
magazines (10-12 pt. type) 
For sustained reading of small 
print (7-8 pt. type) 
In ordinary schoolrooms 
For mechanical drawing 
For casual (short) periods of 
reading good book-size print 
For smaller print 
When brightness contrast between 
print and paper is UO-55 
When brightness contrast is very 
low 20-30 (seldom found in practi- 
cal reading situations ) 
Few reading situations in homes, 
schools, offices, libraries require 
more than 50 fc 

For eyes with less than normal 
visual acuity (casual reading) 
For eyes with less than normal visual 
acuity (sustained reading) 
Sight-saving classes 

The experiments of Kunz and Sleight also reported in 'Bases 
for Effective Reading' , suggest that adequate llluiaination 
for discriminating details range between: 

12.5 - 38 fe foi* nowaal vision 
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for reading ordinary bookprint: 

15 - 25 fc for normal vision 

35 - ho fc for sub-normal vision 

The need for variety in lighting was pointed out in an arti- 
cle by R.C. Aldworth and D.J. Bridgers in Lighting Research 
and Technology (Vol. 3, No. 1, 1971) " In many working 
areas, monotonous surroundings may well seriously affect 
working efficiency... When the retina is stimulated by light, 
the signals are transmitted to the visual center in the cor- 
tex and simultaneously to the reticular formtion. which 
begins to work on the whole brain, raising the person's 
awareness. At the same time signals received by the other 
senses, such as hearing and touch, also excite the reticu- 
lar formation, and therefore visual performance can be af- 
fected, by stimulation of apparently unconnected sensory 
stimuli . " 

Lighting axie Literature on the subject of lighting in relation to ocular 

Ocular Healt.i health is surprisingly limited and often contradictory. Ac- 

cording to the tests of Ferree, Rand & Lewis and Luckiesh & 
Moss, eye strain with resulting functional disturbance of 
other organs is held to be directly traceable at times to 
faulty illumination. However, ophtalmologists indicate that 
on the whole there is no evidence of any relationship be- 
tween general illumination levels and eye health. 

Britain's Research Station concludes that no evidence has 
been found that iryopia is caused by poor lighting, nor that 
the onset of Juvenile visual defects has in any way been 
affected by the higher light levels of today. 

In 'System of Ophtalmology' , Sir Stewartr-^Duke-Elder suggests 
that eyestrain can be reduced and visual efficiency increas- 
ed most effectively by increasing tfce apparent size of the 
oV sets comprising the visual task. According to the ex- 
periments of Weston, a ten- fold increase in illumination 
produced an improvement of 30 percent in the performance of 
a simple visual task, whereas increasing the apparent size 
ten times produced a 200 percent improvement in performance. 

"Windows are openings to the outside world in more ways than 
one," says James Marston Fitch in his book, 'American' 
Building: The Environmental Forces that Shape it'. "When 
the desk worker or the student looks out of the window in- 
stead of down at his work, he is not wasting time; he is 
seeking psychic as well as optical relief from a highly 
structured and unnaturally monoehromatic experienee.'* ^is 
factor has been largely ignored in recent attempts to make 
the school environment completely windowless . . . "Only the 
viewing function still continues to keep windows from be- 
coming wholly obsolete technologically," concluded C. Theo- 
dore Larson of the Architectural Research Laboratoiy, at 
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h-1/7 the University of Michigan, in his report on "The Effect of 

School Lighting Windowless Cl^.ssrooras on Elementary School Children". In it 

he states that, ''The ventilating function has been taken over 
by the development of mechanical systems that can condition 
the air in any classroom to any desired degree of freshness 
and warmth or coolness and to any desired rate of movement. 
The emphasis on day-lighting has likewise been shifted over 
into new technologies of artifical illumination. . . If out- 
side view is unpleasant or potentially disturbing, there seems 
little point in having any windows at all." The opposite 
point of view is presented in Bulletin No. 33, the British 
government publication: "Large windows, it is s^'^d, can lead 
to overheating on sunny days in siAramer; conversely, they 
cause excessive heat losses on cold days in winter. Windows 
tend to be more expensive than solid walls. It is pointed 
out that dayli^t is not in fact free but has to be paid for 
in cost of lengthy perimeters and elaborate sectional devices 
which are necessary to secure its entry to the building. 
Moreover, window blinds have often to be added, and window 
cleaning is an expensive form of maintenance. . . Why not 
leave out windows? Some schools in the USA are windowless 
with a constant artificial indoor climate — so why not here? 
It is also argued that high levels of illumination are now 
necessary and that daylighting could not provide these satis- 
factorily ... Nevertheless, daylight, when properly de- 
signed, is still the most satisfactory and economic method 
of providing working illumination, and it makes a contribu- 
tion to the educational and visual environment of a school, 
which cannot be made in any other way . . . desire to keep 
in touch with the world outside . . . with constant shift 
in weather, seasons." 

Dayliglit cannot be simulated by artificial light. It is 
variable in quantity, color, has different spectral compo- 
sition from any artificial light and appears to be one of 
lifers necessities and pleasures. It is not uncommon, for 
example, in Sweden, Finland and Russia that daylight depri- 
vation will cause psychosomatic upsets. 

Bulletin No. 33 provides guidelines on the amount of day- 
light required for sufficient illumination within the school: 
"Any method of lighting design using daylight as the main 
source of illumination must make sure that there is suffic- 
ient lighting in the building on all but the dullest days, 
and must take into account the hours during which the school 
is occupied... A sky providing 500 Lm/sf should be taken as 
the lowest level that a designer would be expected to cope 
with. . .Artificial lighting will be needed to supplement 
daylight at the back of a room. This is likely to be nec- 
essary for about 200 hours per annum over the part pf a 
schoolroom designed to a 2 percent tnlnimum dayli^t facto^i 
for example, a sky which gives illufliination of 50O Lm/sf 
outside will provide an illumination of 2/100 x 500 * 10 
Lm/sf. Where difficult tasks are performed, use hi^er than 
2 percent but avoid sky glare, solar heat gain and loss. 
Consider possibility of top lighting." 

ER?c .356 



Too little attention has been paid in the USA to the inte- 
gration of daylight and artificial illumination. As James 
Mars ton Fitch has commented on this topic and on the state 
of the art in general: "Historically, illuminating engin- 
eering was developed primarily to expedite process, and only 
indirectly eye health or well-being; today it bears the 
characteristic imprint of this history. Its development has 
been uneven, with enormous qualitative discrepancies between 
the highest and lowest examples, with instances of gross 
deficiencies .side by side vith extravagant waste, This 
paradox is very clear in our mechanical separation of prob- 
lems of artifical illumination and daylighting when, in most 
building types, they could be thorou^ly integrated to 
benefit both." 
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2 • COMPARATIVE 
LISTING OF 
LIGHTING 
STANDARDS 



Light level specifications for schools vary widely as indi- 
cated by the following survey of lighting standards recom- 
mended by various government agencies, school authorities, 
and industry spokesmen. For purposes of comparison British 
government and industry standards are also listed. 
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FIGURE h-2/1: 
COMPARATIVE LISTING 
O 1P LIGHT LEVELS 
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FIGURE h-2/2: 
COMPABATIVE LISTING 
OF LIGHT LEVELS 
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3 0 EFFECTS OF 
LIGHT LEVELS ON 
READING SCORES 



The New York City Board of Education issues reading tests 
to all of its students each year. These are the only comr- 
pletely standardized exams given throughout the system. An 
attempt was made to determine whether there was any clear 
relationship between lighting levels and these scores. In 
order to do this, four schools were selected which were 
modernized in 1970. The four schools were built in 192l», 
1899, 1909 and 1925. Each of these schools was paired with 
the closest similar type (PS, IS) school in the same dis- 
trict. These schools were built in 195^, 1952, 1926 and 
1930. The last two schools were modernized in 196? and 
1965 respectively. These pairs of schools will be referred 
to as A, B, C and D. The schoolr*. which underwent changes 
during the six-year period will be referred to as altered 
schools, the others as unchanged. The typical classrooms 
in the altered schools are about 6OO sf and were originally 
illuminated by five 200 w incandescent fixtures with opal 
glass covers, yielding a light level of 5-7 fc As part 
of the alterations, the incandescent systems were replaced 
with fluorescents which were installed to a design criteria 
of 60 fc. The unchanged schools were all provided with 
fluorescent systems before the six-year period under study. 



The two schools being compared in each case were selected 
for being as similar as possible in order to minimize the 
effect of varying external factors on the scores. Since 
this cannot be totally achieved, the patterns which will be 
discussed are not absolute levels but changes in differen- 
tials. In each case, the unchanged (control) school is as 
similar as possible to the school being altered with the 
exception of having constant design light levels during the 
six-year period. 
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Each point which is plotted represents the mean seore for 
one class in one school. This may range from about 100 to 
over 300 individual scores. Hierefore, each change in 
differential which is described by h points is based On a 



h"3/ 2 minimum of four hundred reading scores. 

School 

Lighting In general, the pattern of reading score differentials is 

highly erratic. There are two aspects, however, which ap- 
pear to be related to the alteration program. First, im- 
mediately after the alteration, 12 out of l8 of the altered 
schools improved with respect to the corresponding unchanged 
schools, four remained equal and two declined. This indi- 
cates a short term boost in student performance (figizre 
h-3/li).In the second year after the alteration, the erratic 
pattern of relative performance returns. Two years later, 
the trend was reversed and 12 of the l8 classes from un- 
changed schools showed improvements relative to those from 
the altered schools. Further, over a s^.x-year period, nine 
of the eighteen classes in altered schools improved their 
positions over corresponding classes in unchanged schools 
and nine declined. At the beginning of the study period, 
the average of scores from the schools to be altered was 
.29 of a grade level hi^ei* than those which would remain 
unchanged. At the end of the study period, it was .11 
higher, indicating that the increase in light levels during 
the study period did not have a lasting effect on the read- 
ing performance. 

The following generalizations can be made regarding the data 
presented in figures h-3/l to h-3/llJ 

! '1. During the six-year period, Che average of reading 

! scores of all schools observed declined. 

2. The overall decline of the altered schools was great- 

i er than that of the unchanged schools although only slightly. 

3. The altered schools showed the best relative perform!- 
ance in the year immediately after their renovation. 

On the basis of more than 30,000 individual reading Scores, 
it is not possible to demonstrate that increased light levels 
affect educational performance beyond the so-called *'Maw- 
thorne Effect." 

It is generally acknowledged that reading scores offer only 
a limited indication of a child^s learning capacity* How- 
ever, since the reading/comprehension tests given by the 
New York City Board of Education are the only city-vide 
standardised tests given, the test results do provide some 
measure of comparison. 
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THIS SAHPLE IS HADE UP 
OF A SCHOOL WITH NEW 
LIGHTING INSTALLED IN 
1970 (FLUORESCENT RE- 
PLACING INCANDESCENT) 
AND AN ADJACENT SCHOOL 
WHICH WAS UNCHANGED IN 
THE STUDY PERIOD. THE 
TWO SCHOOLS ARE IN THE 
SAME DISTRICT. 



FIGURE 

READING SCORES 
PAIR A 
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GRADE 
(TYP) 

SCORES IN mlcHANGId 
SCHOOL 



SCOR^^ IN AOlRia SCHOOL 
BEFORE CHANGE 

6 



SCORES IN ACtlRlft SeHddl 
AFTgR CHANGE 



69-70 



70-71 



71-72 



72-73 
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THESE GPAPHS INDICATE THE READING tCORE DIFFERENTIALS BETWEEN THE GRADES IN THE 
ALTERED SCHOOL t-O^ AND THE UNCHANGED SCHOOL ( m ) ON TABLE l-a. A POSITIVE 
DIFFERENTIAL INDICATES A HIGHER~SCORE FOR THE ALTERED SCHOOL. 
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READING SCORE 
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THIS SAH^l.f I'' MADE UP 
OF A SCHOOt WItH NEW 
tlGHTING INSTAUED IN 
1970 (FtUORESCENT RE- 
PIACINC INCANDESCENt) 
AND AN ADJACENT SCHOOt 
WHICH WAS UNCHANGED IN 
THE STUDV PERIOD. THE 
TWO SCHOOLS ARE IN THE 
SAME DISTRICT. 



GRADE 
(TYP) 



SCORES IN UHCHANGID 
SCHOOt 

*■ 6^ 

scoRt s IN aCtirio school 
serORi eHANGE 

6 



SCORiS IN ACt£R£D SCHOOL 
AffgR tnmt 



68-69 69-70 70-7! 



7!-72 



71-73 



FIGURE h-3/3s 
SEAMNO SCORES 
PAIR B 
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THESE GRAPHS INDICATE THE READING SCDRE DIFFERENTIALS BETWEEN THE GRADES IN THE 
ALTERED SCHDDL <-*0-* AND THE UNCHANGED SCHOOL ( • ) ON TABLE 2-i. A POSITIVE 
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL. 




GRADE 3 



FIGUHl h-3/l*s 
BEADING SCORE 
DIITIBENTIALS 
O PAIR B 
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NOTE! BECAUSE OF THE RANGE OF THE SCORES IN THIS PAIR OF SCHOOLS, 
THE DATA IS PRESENTED ON 2 TABLES (CM AND C-2) 




TABLE 3- 
C« 

THIS ^NPLE IS MADE UP 
OF A SMdOL WITH' |$EW 
LIGHTKNG INSTAby|D liN 
1970 (flUORESMMT Rl- 
PLACING INdANgpcm«NT) 
ANO AN ADJACENT SCHOOL 
WHICH WAS UNCHANGED IN 
THE STUDY PERIOD. THE 
TWO SCHOOLS ARE IN THE 
SAHE DISTRICT. 



GRADE 
(TYP) 

SCORES 
SCHOOL 



IN UNCHANGED 



SCORES IN ALTERED SCHOOL 
BEFORE CHANGE 
6 



SCORES IN ALTERED SCHOOL 
AFttR CHANGE 



67-68 



15^^61 ' 69^?0 Wl 
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FIGURE h-3/5: 
READING SCORES 
PAIR C-1 



pnool 
Lighting 



TABLE 3-b 
C-l 

THESE GRAPHS INDICATE THE READING SCORE DIFFERENTIALS BETWEEN THE GRADES IN THE 
ALTERED SCHOOL (—0^) AND THE UNCHANGED SCHOOL ( • ) ON TABLE 3-a. A POSITIVE 
DIFFERENTIAL INDICATES A HIGHER SCORE FOR THE ALTERED SCHOOL. 
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FIGURE h-3/6: 
READING SCORE 
DIPPIRENTIALS 
PAIR C-l 



67-68 



68-69 69-70 70-71 



71-72 72-73 
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THIS SAHPLE IS HADE UP 

or A SCHOOL WITH nIu 

LIGHTING INSTALLEd |N 
1970 (rLUORESCm RE- 
PLACING INCANOESCENT) 
ANO AN AOJACENT SCHOOL 
WHICH WAS UNCHANGEO IN 
THE STUOY PERIOD. THE 
TWO SCHOOLS ARE IN THE 
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educational tasks 
and environmental 
conditions 



It is the purpose of this study to determine how the physi- 
cal school environment can best serve the pedagogic demands. 
Toward this end an investigation of educational activities 
was conducted by a team of observers - architects and 
members of the New York Board of Education - who recorded 
all of the possible learning/teaching activities, and listed 
concurrently 1. the type of student grouping (students 
working singly, in small groups, in standard class si2ses or 
larger); 2. the presence of teachers, para-professionals or 
other personnel; 3. the types of teaching aids or special 
equipment; h. the space designation (classroom, art room, 
shops and specialized teaching spaces, auditorium, cafe- 
teria, corridor, library -.^ginasium, staff offices) and 5. 
the actual student station (desk, carrel, station at equip- 
ment, etc.). In breaking all of the educational activities 
into their component parts i it became possible to be much 
more specific in assigning values to the "Desirable 
Environmental Conditions". In the area of lipthtinR, for 
example, this itemized system has made it possible to 
assign light intensities to each specific twsk. In con- 
trast to the currently prescribed uniformly high light 
levels (60 FC to 70 FC in classrooms, based on the light 
requirements of the most exacting task within each space), 
the alternative method will make use of a lower overall 
light level, supplemented by light sources focused directly 
onto specific educational tasks. This method offers 
several advaijtages: First, it avoids fixed illumination 
levels which tend to be monotonous and fatiguing. Second i 
the brightest light levels will be concentrated on the 
teaching/learning areas where the attention of the student 
will automatically be focused. Third, since 60% of thei 
electric consumption in a school goes into lighting, one* 
third to one-half of this amount of energy can be reduced 
by this method. 



In step two, values have been assigned to the ''Desirable 
Environmental Conditions" on the basis of findings derived 
from the following special studies: 



1^2 Sub-report f : Fuel and Electricity Use in NYC Schools 

Educational Ta.-'ks 

Sub-report f-H: System Analysis of Selected Sample 

Sub-report f-5: Preliminary Analysis of Qnergency Energy- 
Saving Measures Initiated by the New York 
City Board of Education 1973 - 197^+ 

Sub-report g-1: Observed Light Levels in 20 Classrooms 

Sub-report g-2: Analysis of Observed Ventilation Perform- 
ance 

Sub-report h-2: School Lighting Standards 

Sub-report h-3*. Light Level Changes and their Effects on 

Reading and Comprehension Scores 

Note: "Desirable Environmental Conditions" listed in the 
following charts are based on: 

SQ. FT. AREA PER STUDENT : Standards of New York City Build- 
ing Code, 1968 

TE^4PERATURE (For heatinf purposes): 68°F for all seden- 
teiry activities; 65°F for active occupations 

VENTILATION LEVEL : Findings of special study (Sub-report 
?2l 

L = Low (5 cfm per occupant; 
H = High (10 - 15 cfm per occupant) 
I = Intermittent (non-continuous 
operation) 

AMBIENT LIGHT LEVEL : Findings of special studies (sub-re- 
ports g-1, h-2, h-3) 

Ambient Light Level 1 = Artificial illumination to provide 

sufficient light for general safety, 
and ambient light for audio-visual 
presentations and non-visual tasks 
(5-15 FC) 

Ambient Light Level 2 = Artificial illumination for general 

use, for reading and waiting, 
supplemented by task lighting where 
necessary (15-30 FC) 

Ambient Light Level 3 = Artificial illumination for more 

precise tasks such as reading fine 
print, i)ainting, model making, 
sewing, drafting (30-50 PC). 

TASK, LIGHT : Findings of special studies (sub-reports g«*l, 
h-1, h-2, h-3). 
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